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suBJECT: Final Air Force Pl ant 44 Remedi a,l M.t}.0:n, :P.l,aq,,, Responsi_.veness Summary and 
Record df Decision 

TO: 

/ ·:··'. (' ... ·. ' 

To Whom It May Concern. , .. _ . _ ·. :·'.-'.:;~~).·:,}·c; .. r. ~:/~~),:-,'.~ 
1. . 9n Octob~r 4 ,· 1%l!i.i, t~?-,.Wn,i ~~f.V_St~·te_s·~A1 r::f~ir.i~ec,made _a.va.i: labl ~1yfof: 
publ, c _review and ~omment'.· .the· Final, Dr~_ft :RemErcli al_ .;Act;1;o,n :.~~ary?·'U~H~<"F. '· 
States Air For~.e ~lant_.f4·,~Tlics9n.-,;~r.}zon_a (Dratt-'RAf'h, ·,tfi.e :Or.afttP.~P/ 
summarized tbe: r.esul ts .. of' prev-io.us. gnvi ronmerita'l J;nv~st_i_g·at:io.ns. :dn,d; QM,Qi.ng .. : 
monitor,ng programs at ario·fn the vicjnity°.of AJr.'f'¢rce~Pt~n(,44,:r~t1~: .:. ·' 
analyzed remedial .ftlternatives_ that,·mfght be ·suita,t>Je<fo'r'.r.espo'nd'iefg:rto. ~he ;" 
conditions discovered th.rough those'. efforts--... ~ase<f o_n tb:ts'· aoalysls; •:the · :~. ··~ 
Air Fgrce. recommend~d t_he' i mpl ementat:i'tm ·ct-: a groundwater' eittracti on,' ·· · 
treatmer:it and recharge system to·remedial groundwater contamination s01.1th of 
Los R·ea 1 es Road. · · ·· ' ' ' · · . ... ..• _; .. )'.:. , , .. ,'.'. : ,. , ~- '. \_;, _. :.:, r, ,,,,,_. · · · 
2. Public comments_ on the Dr'.~f t RAP. w~i'~- ~bT~G};;d:·!~u~/n·~·'.~i~i~~J~i ~g_,dt\ .. -· 
October 4, 1985. through _October 25; · 1985. · Addi·tipna.J_;cd.mment,s -fr:om .a:,·.n4\llber 
of public agerici es w~re received b'o+h before. ar,icf. ·a,f_t~r·;.tnf :;ong'.al. pup,l,Jo ''. .. 
comment .period •.. · In some instances, .our,reV:few o.f.:tties~°:'-.c:ommen~s:j:-J:!S'iJlted,'in. 

, I • ' '. ,,_ j ,, , , • M • '°". · ,' •• '•~ • ~-, . • 

furthe.r refiri,emen.t· of the remedial al-ter·nati·{e'.'l'e~drrnn~nded by,ithe,:oraft.RAP. 
In other cases, these comments resulted -:i'.'if re·v·i'si 0!1S to_ .the Draft" :~.11,p ,:to 
provide greater, clarity to parts -of its:a.naljses. ?lil 'alJ)i:asesr, ttt'e" public 

• ' ' • • • .. ' •·'" 't •• • ••• .i, ·_I'•, • •• 

comments received serious evaluation and were· o·f tremendous benefit to the 
Air Forc·e• s · selection of a final remedial alternative for Air Force 
Plant 44. ~- ·,·•;· · ~- ·1· :: 

••,,_~{::.•.A ·; ;~~~• ,:;. -~'••• ~;~~-•.~;\:::,.:• .,· _;'~17';\:: 
3. Enclosed for -attachments to the Draft RAP ·i•s a Respo.nsi ven,ess -.,;S:urnma;r.y to
the public comments'. The ~esponsi venes·s 'Sumrriarf ·•; dert'i f:j es. t_rye,i maJ,6r -.issues 
identified by ·the public concerni-ng ,the Dra'ft RAP1 and the· Air Force- -response· 
to those issues. The Draft RAP and its supporting data, reports, studies 
and analyses, together with the ... Res.p.ons.ivene:s.s, summar-v,,: c.ciiisti .tute. the -F-i.na-1 

· Remedial,,Actfon_ pJant for Air Force Plant 4(.... · .. '. .::--·-,--:: .: .-~ "~;:,ti'? .. ·: · •·· 
·:· •i.•!, · ...... · ::t. ·· ~::.! :~ ... ·-t:·-:·· __ j/'·.~-·-.-i\~-;: .. ·~--~·:<:\':.··i~---~-<-,-,. .. =::.r :.: .. ~:.~/--

4. Under the Comprehensive Environmental Response, eo11rnens,~'t;.iq.r:r~and -~ ·-; '";'. 
Li abil i.ty Act of. 1980, and Executive µrdervtz3l'6 /}fi_e'.i:_Ai,I' ;forc.e,:f,hai,,oo_th .tne
resp.ons i bi Ji ty and authority for respondi rrg ·:t0; 1te:leases--.QLl')~ardql,!,S --~,.~.- ·;' 0

,: 

substances at Department of Defense i_nst;aJta;tfdrislqn.{~'r ,A'i.r' "F9".~~-~qo_nt~o3'.; · 
Based on the prior investigatt9ns,:•:tne·rrem·e:dif:aT-~~-f~fn~tj_ye.__~,:a;n~),¥,-s-i-~,;_ i 0J:s·,, 
supporting documentation and -t'/le. public COi!iin~nts r_e~ef.✓,:t!};~)he:M( F9n;,e,-ttas 
decided to implement a remedial a1tern_a,tive fofAit,'For,'ced!1aot .4fl.:·:,·.·-:"· .· 
consi•s.ti ng of a. groundwater ext-ract_io~, :trea:t111tr1f,)_n9_}'~~~!_:5~e J'J.~~gn.; A 
copy ?f the ~ir- ~orce-' s Record of D.ec.ision 1 .!'or tti~;-~l,,s-e_1tlon of th, s 
remed1 al act, on. i-s enclosed and should aJ s6.-_Qe _.~tta~e-i to the Draft RAP. 

. /J I · L:!J. ·. · r-,-- . ..>(- .•. . _(?Cri.-,rt-~.:;:} r~ -'_ __ • _ _ .• , . 

~'~-- .:. •. ·-:·_~-1 ~:--~0J~ . ,,, . ,· ' ., . ~-.-~ . ·-· \ . - -· ' . : ..... 

~~~;~,JF~~~~;,UI;"~,~tcg;~_ USAF '.;·:·~ :Jt~i ~~~::\~~fr-·:,~•ti·c 
Di rector.ate· of ~1anu·facturi ng/QA 
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DEPARTMENT OF THE AIR FORCE 
HEADQUARTERS AIR FORCE SYSTEMS COMMAND 2 

• ANDREWS AIR FORCE BASE 0C 20334-!5000 •. 

10 JAN 1986 

suBJecT Environmental Assessment for AF Plant 44 Remedial Action Plan 
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TO ASD/PKD 

The subject assessment has been reviewed by the AFSC Environmental Protection 

Committee and is approved. Your Environmental Protection Certificate is 

attached. 

FOR THE COJU!ANDER 

~/'_,/~~ /': ~-1:~i<- .,, 1
L 

FRANK P. GALLAGHER III, Lt(tol, USAF, BSC 
Chairman, AFSC Environmental Protection Committee 

••• ~ • ·": <, 
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F[NOING OF NO SIGNIFICANT [MPACT 

REMEDIAL ACTION PLAN 

AIR FORCE PLANT 44 

TUCSON, AR I ZONA 

The Air Force Plant 44 Environmental Assessment documents the analysis of 

four alternatives to mitigate the groundwater contamination prob 1 ems caused 

by that facility in the general vicinity of the Tucson International 

Airport, Tucson, Arizona. The environmental assessment is enclosed. 

Based upon the analysis documented in the environmental assessment and the 

Draft Final Remedial Action Plan attached to it, it is my decision to adopt 

Alternative 4, to remove the contaminated groundwater from the aquifer, 

treat the water, and use the treated water for groundwater recharge. 

Alternative 4 is selected for the following reasons: 

1. The initial capital investment, regardless of the various ways in 

which the treated water could be used, is based upon available, reliable 

data which makes it cost-effective compared to Alternatives 2 and 3. 

2. The technical feasibility, regardless of how the treated water could 

be used, generally exceeds that of any of the other alternatives, 

3. It removes contaminants from the groundwater. 

4. It treats the removed groundwater before using it for any further 

purpose. 

4 
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s. It provides an added source of acceptable quality water. 

6. re reduces the hazard of further groundwater contamination migration. 

Alternatives considered were: 

Alternative 1. No action, making no effort to remove groundwater 

contamina~ion in regional aquifier. 

Alternative 2. Contain contaminated groundwater plume by placing 

impermeable barriers around its perimeter, preventing further migration. 

Alternative 3. Withdraw contaminated groundwater, disposing of it without 

treatment. 

Alternative 1 was not selected because other alternatives would not cause 

greater environmental or health dangers. Alternative 2, as proposed in the 

environmental assessment, was not selected because existing hydrogeological 

data is inadequate to determine the extent of the effort involved and whether, 

if undertaken, it would prevent further contaminated groundwater migration. 

Additionally, available cost data strongly suggests that potential costs far 

outweigh benefits to be derived. Alternative 3 was not selected because of 

the limited uses available for the untreated water and the potential for 

further groundwater contamination. 

Under Alternative 4 there are 12 alternative means of disposing of the treated 

groundwaters. In determining the preferred means of disposition, three 

additional criteria were applied: 
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. 1. The facility or facilities accepting the treat~d water must have the 

capacity to accept 5,000 gallons per minute because extraction at a lesser 

rate would not efficiently reclaim contaminated groundwater. 

2. The accepting facility or facilities must have an operational life of 

20 years; the projected period of continuous pumping to restore the con

taminated aquifer is estimated at eight to ten years. 

3. The process cannot reduce the existing water levels in the aquifer or 

otherwise degrade present water quality, in violation of state and the local 

land use management plan. The only means of distribution which satisfies 

these three criteria is that process which will recharge the aquifer directly 

with the treated water. This process has the added advantages of being cost 

effective relative to all viable alternatives considered and more effective 

in its initial stages of operation in reducing contamination levels. For the 

reasons stated above, I have selected the Direct Recharge Water Use 

Alternative under Alternative 4 as the most appropriate remedy to the present 

contaminated groundwater condition underlying AF Plant 44 and the area adja

cent to it. 

I have determined through the envi ronmenta 1 assessment that this is not a 

major Federal action which would significantly affect the quality of the 

human environment; therefore, an environmental impact statement is not 

necessary. This determination is based on the following factors: 

1. There are minimal irreversible resource commitments and irretrievable 

losses of any natural resource. 

2. There are no significant negative cumulative effects. 

G 
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3. The physical and biological eff~cts are restricted to the areas of 

planned activity. 

4. No known threatened or endangered wildlife are affected. 

&~/4 14 ftLk/ 
/ Charles H. Alf:rd / 

rh.airm.an_ 
I~d~~t;i· ~ 1 Facilities Sub:ommi tte: 
ASD Environmental Protection Committee 

DATE 

>'·• 
( 
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ENVIRONMF:NT.1\L ASSESSMENT 

8 

Air Force Plant 44 ( AFP 44) is a. govec-nrnent-o_wned, contractor-opec-ated 

defense manufacturing plant cur.rently operated by the Hughes Aircraft 

Corporation. Located on approximately 2106 acres of land, it is adjacent to 

and southwest of thP- Tucson International Airport. Its manufacturing 

complex comprises t , 088, 3°40 square feet of floor space .. 

The plant has been in operation since 1951 and presently manufactures the 

Army TOW missile, the Air Force Maverick missile, the Navy Phoenix missile, 

and the Marine corps Angle Rate Bombing System. It employs approxL~ately 

8,000 employees having an annual pay roll exceeding $200 million. 

Th·e various manufacturing processes have produced industrial wastes. 

Initially, wastewater was discharged on the plant property, and then in 1954 

treated effluent was discharged into lined and unlined surface impoundments. 

Each wastewater treatment process was approved by the predecessor to the 

present Arizona Department of Health Services (/\DRS) and was believed to be 

an appropriate means of disposal at the time. 

In 1977 a new zero discharge hazardous waste treatment facility began 

operations. This operation treats and recycles about 80% of the wastewater, 

the remaining 20% being placed in lined evaporation ponds. The present 

system does not discharge contaminants into the environment .. 

Beginning in 1979 EPA financed studies conducted by ADHS and those conducted 

by the Air Force concluded that the historic disposal practices had resulted 

in the presence of trichloroethylene (TCEJ and other contaminants in the 

groundwater under AFP 44. 

I 
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Air Force investigations were conducted pursuant to its four-phased 

Installation Restoration Program (IRP) to identify and remedy environmental 

problems resulting from past Air Force industrial ·11aste disposal practices. 

Phase I consists of a records s·earch. Phase II is the verification and 

qualification stage. Phase III is the analysis stage, and in Phase IV 

various cleanup options are considered and a remed.ial plan implemented. The 

IRP has disclosed that th~re is a zone of perched groundwater (saturated 

soil) beneath a portion of the plant covering about 100 acres, and ranging in 

thickness from one to .24 feet. Beneath this zone and separated by a relative 

impermeable material is a regional aquifer. The aquifer consists of an upper 

and lower zone separated by a clay aquitard or divider. In the perched zone, 

chromium at levels exceeding drinking water levels have been found, as has 

concentration of TCE, 1,1,1 - trichloroethane (TCA), and 1,1 - dichloro

ethylene (DCE). TCE, TCA, DCE, and Chromium have also been found to 

exist in the upper zone of the regional aquifer; and these wastes appear to 

have migrated in varying degrees to locations off AFP 44; chromium to just 

beyond the north boundary; TCE to the vicinity of Los Reales Road; and TCA 

and TCE have migrated to a lesser extent. The lower zone of the regional 

aquifer does not appear to have been directly contaminated by the upper 

aquifer, due to the impermeable barrier. However, two wells, which were 

drilled through the upper aquifer may have contaminated the lower .. These 

wells were sealed when the problem was discovered. The probiem is mitigated 

because migration in the lower zone is slower than in the upper. 

Contaminants in the perched groundwater should be removed because they pro

vide the potential for further contamination in the regional aquifer. 

.... ··--·---

'l ...... -
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As part of the !RP Phase [V, the Air Force has developed a Remedial Action 

Plan {RAPY. The purpose of the RAP is to assess the extent of the ground

water contamination, consider various alternative measures to remedy the 

situation, and to propose the most appropriate remedy. Remedial action is 

appropriate because continued migration of the contaminated groundwater in 

its historic northwesterly path will contaminate both public and private 

residential wells in its path. 

The selection standards for those alternatives which were considered are as 

follows: 

JO 

a. limit to maximum possible extent continued migration of contaminated 

groundwater; 

b. render contaminated groundwater suitable for beneficial use; 

c. meet a11 applicable local, state, and federal regulatory requirements; 

d. be cost effective; 

e. create the least possible environmental affect on the regional 

aquifer and other action plans and land use piogiams in the Tucson aiea. 
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Ther~ were four basic ~Lter:native r:em~dial measures considered: (a) no 

action, more particularly described on. pages 46 throug!1 ~8 of t:,e attac:,~d 

Ein,1.l draft Rl\P; (bl conta.inment by im9ermeable ba.:-riers, pages 49 t'.'lrough 

51; (cl withdrawal of the contaminated groundwater and disposition of the 

untreated water by various means, pages 51 throug~ 61; and (d) withdrawal, 

treatment, and dispositiqn of the treated water by various means. Under the 

third basic alternative, there were four means of disposition considered and 

under the fourth basi_c alternative there were twelve means of disposition 

considered. 

The "no action" alternative is adequately discussed at the referenced pages 

in the RAP and is hereby incorporated in this assessment. The environmental 

consequences of the "no action" alternative are unacceptable. The 

contaminated groundwater will continue to migrate and in some locations 

concentrations of contaminants would actually increase as high contaminant 

areas in the area of the physical structures of AF? 44 migrate. over a 

30-year period, the contaminant plume can be expected to migrate an 

additional three miles north-northeast. The "no action" alternative is also 

unacceptable because the other alternatives considered would result in 

improving ex•isting contamination levels and ameliorating the present 

migration. 

-~------------------- ----- ---------------- -
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The alternative in which an imper~eablc barrier is constructed around the 

present plume of contaminated groundwoter is adequately discussed at the 

referenced p3ges of the RAP and is likewise incor.porated in this assess~ent. 

The technology to construct such a barrier exists. However, the magnit~de 

of such a project is unknown because available data-does not provide 

c:nfficient informr1t-i □ n .=u:::,t-n t-h1=1 prPcic:.P P.Yt'.Pnt <ir d?pth of the plu_me. In 

other words, we have no present assurance that constructing this barrier 

would contain all the migrating contaminants. Nor .in the absence of such 

There has been no known impermeable barrier constructed of the same or 

similar magnitude as that contemplated here. One distinctly negative effect 

of such an alternative would be to withdraw effectively from pnhl ir ;u,n 

private use all that groundwater contained by the barrier. This raises the 

question of alternative sources of water, for those parties affected, in a 

developing area in which existing water ri=,.c::nnrr~< a.re rPl.=trivPly scarce. 

1 ) 
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The third alternative, withdrawing the contaminated groundwater and 

disposing of it in one or a combin~tion of four enumerated means, is 

adequately discussed at the referenced pages and incorporated here. The 

.l 3 

four means of disposing of the untreated water are as follows: (a) direct 

discharge to the public sewer system, !b) injection of the untreated water 

into an as yet undiscovered deep geological containment strata; (cl solar 

evaporation; (d) disposal at a permitted hazardous was·te treatment facility. 

The RAP discusses various cost, logistical, and technological problems which 

render each of these means unfeasible. In addition, the continued existence 

of the untreated contaminants or any form carries with it continuing Air 

Force liability for any future violations of the Resources Conservation and 

Recovery Act. These means also suffer from the same drawback confronting 

the second alternative,~. withdrawing this source of water from public 

and private use. Finally, withdrawing the contaminated water without 

recharging the aquifer would reduce the aquifer water level, thereby 

threatening existing public and private wells and violating state and local 

water management plans. construction of a water treatment facility would be 

avoided, but there would be other construction and land acquisition costs 

associated with each of these means which would result in short-term 

9nvironm9ntal d~gradation and long-term removal of certain real estate from 

beneficial use. 

----· .. - ... ---------
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The fourth alternative, withdrawing and treating the contaminated ground-

water, and disposing of it in one or a conbination of twelve enumerated 

means, is adequately discussed on the referenced pages of the RAP. Three 

additional criteria are deemed appropriate fo~ this alternative to he 

.1 .J 

feasible: (a) extraction at less than 5,000 gallons per minute (gprn) will 

not effectively reclaim contaminated groundwater; (b) continuous pumping for 

a minimum of eight to ten ye.ars is considered necessary to res tore the 

aquifer; and (c) distribut~on must be consistent with the state statutory 

requirements and the local groundwater management plan. The prime con

sideration here is that drawdown of existing groundwater must be minimized 

and further degradation of groundwater quality be prevented. This alter

native would require constructing a groundwater treatment facility at AFP 44 

and then a distribution system or systems consistent with any of the twelve 

alternative means or combinations. Construction and operating costs would 

vary with the distribution system as depicted in Table 2, following page 79 

of the RAP. Environmental impacts would vary depending upon the amount of 

construction each alternative means required. 

The only alternative means or combination which satisfies the criteria of 

continuous use, adequate demand, and statutory and regulatory compliance, 

which is the preferred and the proposed alternative, is the recharging of the 

aquifer with the treated water. Even assuming a 10-year operating life for 

the required equipment, as opposed to a 20-year life for other systems, this 

means is cost effective. It reduces the contamination in two ways: by 

extraction and by subsequent dilution of the contaminated groundwater by 

treated water. This makes the system initially the most effecient in terms 

of reducing contamination levels. The required distribution system, costing 

an estimated $27 million, is relatively inexpensive and would be confined 

-------·-----
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to ,\FP 44, mec1ning that the ecoJ.ogic:il affects ,J[ constructing the 

distribution system woulcl be cnnsiderahly less thc1n virtuc1lly every other 

alternative means and alternative considered. The preferred alternative 

complies witl1 all relevant subst~ntive legal standards, as more particularly 

discussed ac pages 114 through 128 of the attached RAP. 
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DEPARTMENT OF THE AIR FORCE 
HEADQUARTERS AERONAUTICAL SYSTEMS DIVISION (AFSC) 

WR!GHT·F"ATTERSON A!R FORGE BASE. OH!O 45~503 

18 FEB i986 
PMDA 

Remedial Action Plan Responsiveness SUIIUllary, AF Plant 44, Tucson AZ 

Mr. Phil Briggs 
~.rizona Dept of Water ~p.qnn,-~ti:I!~ 

99 E. Virginia Avenue 
fhoenix AZ 85004 

1. Attached you will flnd the Responsiveness Summary of comments received 
on the Air Force Final Draft Remedial Action Plan for Air Force Plant 44 in 
Tucson, Arizona (Atch 1). The summary reviews comments from the public 
received during the open public comment period in October 1985 as well as 
comments from the memebers of the Technical Review Committee (TRC) received 
Doth during and after that public {.;t..11111.1u::ut 1:1•:a. ~od.. These comments, the Air 
Force Responsiveness Summary, and the individual responses provided earlier 
to the major and most significant of the TRC member comments have been 
appended to the Final Remedial Action Plan ·and incorporated therein. 

2. The Air Force evaluation of these comr:ients, assisted by its contractors 
and technical consultants, has been of immeasureabl~ benefi.t to the analysis 
of the groundwater contamination problem at AF Plant 44 and to the 
development of its Remedial Ac~ion Plan. In all cases your comments 
prompted serious reflection over the matters identified, resulting in either 
the reassessment of particular fundamentals of the proposal and, perhaps, a 
more persuasive presentation of the Air Force position, or the refinement of 
that particular matter in the Remedial Action Pian. You will find that 
reassessment or refinement documented in the Responsiveness SUlllillary. 

3. Having carefully considered the public and TRC member comments, the Air 
Force elected the preferred remedial action alternative identified in the 
Remedial Action P~an and indorsed in principle and in most particulars by 
the TRC. The Air Force will continue to monitor the progress of that 
alternative after its implementation to measure·our success in meeting the 
goals of the Remedial Action Plan. Through the continued participation of 
the TRC and its aydrogeologic subcommittee the Air Force would expect to 
address those issues deferred for later review, together with any new 
concerns identified during the remedial-action. 

4. If further information is required, point of contact is Mr. Charles 
Alford, ASD/PMDA, Area Code (513) 255-4466 • 

. !.b!.:l!::rt:!t:u,.. ' Atcb 
Olief, Facilities Mgt Div Responsiveness Summary 
Directorate of Manufacturing/QA 
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REMEDIAL ACTION PLAN 

UNITED STATES AIR FORCE PLANT NO. 44 
Tucson, Arizona 

April 1986 

Published by: 
U.S.A.F. Plant No. 44 

Box 11337 
Tucson, Arizona 85734 
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cc: Mr. Phil King 
.Arizona oept of Health Services 

1740 W. Adams 
Phoenix AZ 85007 

Mr. F. Thomas Jefferson 
City of Tucson 
Tucson Water 
P.O. Box 27210 
TU.cson AZ 85726-7210 

Mr. Harry Seraydarian 
o.s. EPA Region IX 
215 Fremont St~eet 
San Francisco CA 94105 

!IJ "7711 1 
Environmen@af & Energy Programs 
Attn: Mr. R. E. Morrison 
P.O. Box 11337, M/S J-1 
Tucson AZ 85734-1337 

AFPRO, Hugh~s Missile System Gp. 
Attn: T!~/Mr. R. Kilby 
P.O. Box 11337, •Vs D-4 
Tucson AZ 85734-1337 

.1 8 
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ON FINAL DRAFT REMEDIAL ACTION PLAN 

UNITED STATES AIR FORCE PLANT NO. 44, TUCSON, ARIZONA 

On October 4, 1985, the United States Air Force 

made available for pubic review and comment the Final Draft 

Remedial Action Plan, United States Air Force Plant No. 44, 

Tucson, Arizona (the "RAP"). The RAP summarized the results 

of prior environmental investigations conducted by the USAF 

at and in the vicinity Air Force Plant No. I. /, I " A 1:''D "'1".., \ A.l."r 

44") and presented an analysis of remedial alternatives that 

might be implemented in responding to groundwater contam

ination found to have emanated from the facility. 

The prior investigations and remedial alternatives 

analyses were performed according to the requirements of the 

Comp:n::hen:::. i vt: 
-r:- __ .. .:, ______ ...,_, n _ _,. ___ _,;.._ ~----.-- .... ~·.: -- ,.._A 
l:,,IlV .I,. ~U(UUC:llLCI..L 1\.t::i:a 1o1UL1;:i C 1 \.PVlllr'W::.U;;:u~. \. .L.UU a.u.1,,1, 

Liability Act of 1980, the National Contingency Plan, 40 

C.F.R. Part 300, the Department of Defense Installation Res-

toratian Program and _..,1,. __ _ ..._,-. ..... _ ... ,~.,.~ 
Ut.U,C,L ,Lt:;.Ll.:Va.1..ll.. J..a.tiif~ 1 regulations and 

guidelines. Based on the evidence developed and the conclu

sions reached as a result of these endeavors, the RAP recom

mended the implementation of a groundwater reclamation 

program consisting of a groundwater extraction and recharge 

wellfield and various systems to treat contaminated 

I 
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groundwater in the area north of AFP 44's southern boundary 

and south of Lps Reales Road. Public comments on the RAP's 

analyses and recommendations were solicited during the 

period of October 4-25, 1985. 

Eight comments from the general public were 

received during the comment period, the substantive pro

visions of which are summarized and responded to below. 

Additionally, comments on the RAP were received from the 

Arizona Department of Health Services ("ADHS"), the Arizona 

Department of Water Resources ("ADWR"), the_ City of Tuscon 

(Tucson Water) ("COT").and the Environmental Protection 

Agency, Region IX ("EPA") after the public comment period 

had ended. ADHS, ADWR, COT and EPA, had had earlier oppor

tunities to comment on the RAP during the period of its 

development. We have also responded to the most recent com

ments received from these entities. 

A. Responses to Comments Received During the Public Com

ment Period 

1- Comment: Two commentors asked why treated water 

should not be used for domestic consumption instead of being 

recharged back into the aquifer from which it was withdrawn. 

Response: Although the proposed reclamation and treat

ment systems will purify contaminated groundwater to drink

ing water quality, the RAP recommends that treated water be 
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recharged back into the aquifer from which it is withdrawn. 

There are several reasons for recharging treated water 

instead of using it for domestic or other purposes now. 

Recharging the aquifer increases the rate at which con

taminated groundwater can be extracted. As is explained in 

the R.AP, the groundwater extraction rate without aquifer 

recharge is approximately 2,000 gallons-per-minute ("gpm") 

while the extraction rate with recharge is more than dou

bled, i.e. approximately 4,200 gpm. The higher groundwater 

extraction rate which can be achieved by recharging the 

aquifer with treated water has important environmental and 

economic benefits. 

Recharging treated groundwater will minimize aquifer 

drawdown impacts which would otherwise occur. Minimizing 

aquifer drawdown impacts will keep the reclamation project 

from interfering with downgradient water uses or from limit

ing the nature of response actions that could be implemented 

north of Los Reales Road. Since recharging water signif

icantlY- increases· groundwater extraction rates, re1;;hc:1.risi.u15 

treated water will also greatly lessen the time required to 

restore water in the treatment area to a quality suitable 

for beneficial use. 

Recharging treated water also eliminates treatment or 

storage complications that could arise during periods of 
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reduced domestic water demand assuming treated water were 

dedicated to domestic or other beneficial use. In the 

absence of a continuously available use for treated water, 

extraction rates would have to be reduced periodically, 

resulting in at least a temporary loss of the environmental 

and economic benefits discussed above. If extraction rates 

are not reduced in the face of reduced domestic demands, 

then storage capacity or alternate use distribution systems 

would have to be developed, either of which would create· 

additional logistical and economic burdens_. 

in light of the preceding considerations, recharge of 

treated water is considered the preferred method for handl

ing water subsequent to treatment. However, it should be 

remembered that the ~oal of the proposed remedial alterna

tive is to restore water to a quality suitable for future 

beneficial consumption. Therefore, the recommended remedial 

action does not reject domestic use at all. In fact, 
. 

recharging treated water is intended to restore the water as 

a pot&Atial source for beneficial use in the most environ

mentally sound and cost-effective manner. 

2. Comment: One commenter suggested that the U.S. 

Air Force should take charge of cleaning the entire 

groundwater contamination problem which exists in the Tucson 

'International Airport ("TIA") area, not just the area of 

4 
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contamination south of Los Reales Road. This commenter 

assumed that AF? 44 is responsible for 85% - 95% of the con

tamination north of Los Reales Road. This commenter also 

felt that only addressing a part of the TIA groundwater con

tamination problem now was unwise. 

Response: The USAF has conducted extensive investi

gations into the nature and extent of groundwater contam

ination that resulted from past waste disposal practices at 

AFP 44. During the last four years, this effort has 

included the construction and routine sampling of 104 moni-

. toring wel_ls and hundreds of soil samples. 

· Based on the data obtained from these efforts, it is 

apparent that wastes disposed of at some locations on AFP 44 

prior to 1977 entered into and migrated over time in the 

upper zone of the regional aquifer system. The data 

obtained from these and other efforts persuasively demon-

strate that the extent of this migration terminates in the 

vicinity of Los Reales Road. 

W'h__ile groundwater contamination also exists in the area 

23 

north of Los Reales Road, the history of past disposal prac

tices at AFP 44 and the data obtained from the many investi

gative efforts conducted in the TIA area do not support a 

conclusion that any significant levels of contaminants found 

in groundwater north of Los Reales Road are the result of 
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pre-1977 waste handling practices at AFP 44. The area north 

of Los Reales Road has been investigated by the Remedial 

Investigation Team ("RIT"), consisting of ADHS, ADWR, COT, 

EPA and a private consultant. An analysis of remedial 

alternatives for responding to conditions north of 

Los Reales Road found by the RIT during its investigations 

has not been ~~mpl~t~d; wh~n su~h analysis will be completed 

is unknown . 

. In light of the above, there are significant reasons 

why the USAF cannot and should not attempt _to remedy the 

entire TIA groundwater contamination problem. First, the 

USAF has neither the responsibility nor the legal authority 

fer of hazardous substances which do 

not result from Department of Defense facilities. Since the 

evidence persuasively demonstrates that the large area of 

,.. __ p..,_,. __ ~ .. 6. .... 

'-"""'I.'- Q.IH.1.1.Q I.,_,,.,. groundwater north of T.na --w Reales Road did not 

emanate from AFP 44, the USAF does not have the legal 

authority to respond to the conditions there based on the 

results..of past waste handling practices at AF~ 44. 

Instead, such legal authority is vested in the EPA and 

others by the Comprehensive Environmental Response Compen

sation and Liability Act and Executive Order 12316. 

Second, the RIT has not yet completed its analysis of 

the appropriate response to· the groundwater conditions dis-
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covered during its investigations. Indeed; tn~ ~LT t~~m•~ 

investigation of groundwater conditions north of Los Reales 

Road, including an analysis of the nature, extent and source 

of the contamination, is not yet completed, and what effort 

has been attempted needs to be significantly supplemented. 

Therefore, it is not presently known what type of response 

measure should be implemented in the· area north of Los 

Reales Road, if any. It is possible that a groundwater rec

lamation system such as that proposed in the RAP may be an 

inappropriate response to the groundwater conditions there. 

Since the remedial alternatives analysis for the area north 

of Los Reales Road has not been completed, it would; (1) be 

unwise for scientific reasons to implement a groundwater 

reclamation program in that area now; and (2) be 

impermissible to do so since the National Contingency Plan 

requires that such an analysis be completed prior to the 

initiation of remedial actions in that area. 

Finally, there is no benefit to be gained from delaying 

implementation of the proposed AFP 44 remedial action to 

await the outcome of the RIT feasibility study. In fact, 

delaying the implementation of the AFP 44 remedial action 

program would only increase the risk of greater environ

mental harm. Perhaps in recognition of this concern, ADHS, 

ADWR., COT and EPA have all endorsed the proposed US~F 
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groundwater reclamation program and encouraged its expe

ditious implementation. 

It is important to recognize that the AFP 44 program 

has h--n designed to minimize any impact on any future reme

dial program implemented north of Los Reales Road, and that 

whatever response is implemented there would not alter the 

necessity for the actions proposed in the RAP. Therefore, 

not only is there no benefit to be gained from delaying the 

AFP.44 program, but substantial environmental, practical and 

economic considerations mandate its implementation as quicI<;

ly as possible. 

3. Comment: One commentor asked whether removing the 

"tainted water" would also remove contaminants from the 

aquifer medium so as to prevent any future contamination of 

clean water passing through the contaminated portion of the 

.regional aquifer system. 

Response: The proposed reclamation program is intended 

to prevent that possibility. To varying degrees, the con

tamina~s found in the aquifer system can adhere to solids 

in the aquifer system. Through the extraction and recharge 

of several aquifer pore volumes, the proposed reclamation 

project is expected to "flush" the aquifer and remove con-

taminants that may be bound to aquifer sediments. The sue-
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cess of this effort will be determined through continued 

monitoring of groundwater quality. 

4. Comment: One commentor suggested that the remedi

al action program be implemented as soon as possible. 

Response: This, of course, is one of the objectives 

stated in the RAP which the USAF will make every effort to 

achieve. 

5. Comment: One commentor stated that treated water 

must be "re-injected at a faster rate than it is removed to 

prevent speeding the discharge rate due to.an increasing of 

hydraulic gradi'ent. '' 

Response: The proposed reclamation wellfield has been 

designed to contain and capture contaminated· groundwater 

emanating from AFP 44. The proposed locations of the 

extraction and recharge wells, and the proposed and 

extraction and recharge rates will provide a means of 

enhancing hydraulic gradients toward extraction wells, will 

allow extraction rates from the upper zone to be sustained, 

will minimize regional water level drawdown impacts, and 

will contain the contaminant plume. Water level and water 

quality monitoring data collected during wellfield operation 

will provide a basis fQr evaluating the response of the 

aquifer to wellfield pumpage, and will confirm containment 

and capture of the contaminant plume. 
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Ei • Comment: One commenter suggested that treated 

water from the -reclamation project be used by industry since 

industry created it. 

Response: A variety of industrial use alternatives 

were analyzed in the RAP, none of which were recommended 

because of the considerations stated there. The logic of 

this comment 'is not so compelling as to demand its adoption. 

In any event, future industrial use of the aquifer when 

restored is certainly a possibility, provided that such use 

were consistent with the Arizona Groundwate_r Management Act 

and the Tucson Active Management Area Management Plan. 

7. Comment: One commenter suggested that no efforts 

be made to cleanup the aquifer and that a proprietary tap 

water filtration unit be installed in 5000 homes at an esti

mated cost of $980,000. Filters for the units, reported to 

be capable of removing contaminants found in the TIA 

groundwater, would be disposed of free of charge. 

Response: For a variety of reasons, we do not believe 

that a~~ogram such as the one proposed by this commentator 

should be implemented, including the following: 

a. The analytic results which indicate that the 

Water Dome home filtration unit is capable of removing a 

variety of contaminants do not demonstrate that the units 
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would be capable of removing contaminant concentrations at 

the levels found in the aquifer south of Los Reales Road; 

b. The mere use of filtration units could allow 

for continued 

29 

might result in an undesireable, further degradation of 

groundwater quality across a.much larger area than presently 

exists; 

c. The comment assumes that domestic use is the 

only use to be made of groundwater. There is no indication 

that the filter would be suitable ~or assu~ing the safety of 

other types of water uses - i.e. agricultural, industrial or 

recreational; 

d. The economic assumption of a one-time fixed 

cost does not recognize the possibility that many more than 

5000 of such units might be required. One unit per house 

would probably be insufficient, and more houses could 

require units if the groundwater contamination were to con

tinue to migrate. 

B. 4cent Comments From ADHS 

Comments on the RAP were received from ADHS subsequent 

to the close of the public comment period. These comments 

are·reproduced in full and responded to below. The page 

references in the ADHS comments are to pages in the RAP . 
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Comment: 

1. Page 2-. 

Although pre-1977 industrial wastewater dis
posal practices at AF Plant #44 may have been 
regarded as the "best accepted practices of 
their day", the treatment/disposal practices 
employed were inappropriate and unsuited for 
the quantities of industrial wastewater actu~l- _ 
ly disposed. 

30 

Resoonse: Industrial wastewater treatment and disposal 

practices at AFP 44 have historically been reviewed by ADHS 

(or its predecessor agency) as well as other public agencies 

prior to implementation. The systems used at the plant were 

modified periodically to ensure mo.dernization or to resolve 

problems encountered during actual operations. It is simply 

a matter of fact that historic wastewater treatment and dis

posal methods at AFP 44 were those generally regarded at the 

time they were reviewed (by the State among others) not only 

as the best available in their day but as being appropriate 

for the types and quantities of wastes to be handled as 

well. This is not to say that they were perfect. 

The best accepted industrial wastewater treatment and 

discharge pract.ices of the 1950' s, 1960' s and early 1970' s 

were eventually recognized as providing insufficient envi

rorunent:al prot:ect:ion. Tha.t recognition was one of the prin

cipal reasons for the enactment of the Clean Water Act in 

1977, an Act which required more stringent national limita-
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tions on industrial wastewater discharges. Even in 1977, 

however, the limitations were to be achieved through 

"technology-forcing" regulations which EPA was required to 

31 

protection goals for industrial wastewater discharges in the 

recognized absence of generally-available technology capable 

of achieving the ambitious goals of that Act. 

To suggest today that the industrial wastewater systems 

used at AFP 44 twenty or thirty years ago were "inappropri-

ate and unsuitable" at the time 

of waste generated, especially where the State had been con

sulted in the design of those systems, overlooks historical 

reality. 

Comment: 

2. Page 2-

It should be stated that it is believed by the 
U.S. Air Force that the plume emanating from 
Plant No. 44 terminates near Los Reales Road. 

Response: The fact that this determination is that of 

the USAF is made clear on page 5 of the F-~P. 

Comment: 

3. Page 3 (bottom) - page 4 (top) -

It should be noted that the decision to 
demarcate Los Reales Road as the dividing line 
between EPA and Air Force investigations was 
made on racher limited evidence. Included as 
part of the referenced agreement was the con
tingency that, should further study indicate 
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that contamination from Plant No. 44 extends 
significantly beyond Los Reales Road, the 
United States Air Force would be responsible 
for management of ~h~~ ~oncaminatinn. 

32 

Response: First, we do not entirely agree that the 

evidence upon which this decision was made in 1983 was 

"rather limited." While we know more today than we did in 

1983, an extensive body of evidence had already been gath

ered by the date of the decision. Indeed, enough evidence 

had been gathered for a panel of state, federal and private 

experts to conclude that the extent of contaminant transport 

from AFP 44 terminated south of Los· Reales Road. If suffi

cient evidence had not been gathered, this decision would 

not have been made, with or without the caveat. The more 

important point, however, is that even today the facts do 

not indicate that the contamination from AFP 44 extends 

"significantly beyond Los_ Reales Road," including the data 

presented in the Results of the Tucson Airport Area Remedial 

Investigation, Phase I, Vols. I and III. 

Second, it is incorrect to state that the USAF was ever 

to have been responsible for the management of groundwater 

contamination north of Los Reales Road. That area has 

always been considered to be the managerial responsibility 

of federal and state regulatory agencies. In fact, the USAF 

has consistently been told that it will not even be a full 

participant in the analysis of remedial alternatives for 
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that area. While the USAF does not object to its limited 

participation in that effort given the USAF's conclusion 

that AFP 44 was not the cause of significant contamination 

beyond _Los Reales Road, it is incorrect to say that the USAF 

was ever informed by any agency involved in this matter that 

the USAF would be responsible for managing response efforts 

in that area. In fact, the contamination problem north of 

Los Reales Road is being managed pursuant to a cooperative 

agreement between the State and EPA. 

Comment: 

4. ·page 10 (top) -

The Air Force has at this time been provided 
with all hydrogeologic and water quality data 
gathered by the Remedial Investigation Team 
through 1984. Efforts are additionally under
way to coordinate ongoing groundwater quality 
sampling in the area between the Arizona 
Department of Water Resources and hydrogeologic 
consultants to the Hughes Aircraft Company. 
These should be noted. 

Response: The 1984 RIT data were received by the USAF 

on October 18, 1985. (The USAF had, of course, been previ

ously p_rovided the RIT ·data through 1983.) Page 10 of the 

RAP was amended to read a_s it does at the request of several 

TRC members in June 1985 who pointed out then that the 1984 

RIT data had not been given to the USAF. Although we do not 

understand why the 1984 data was not given to us before 

then, the USAF has completely reviewed this data and deter-
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mined that it does not alter the conclusions or recommen

dations contained in the RAP. 

Efforts to coordinate on-going sampling efforts between 

ADWR and the USAF's hydrogeologic consultant are acknowl

edged. 

Comment: 

5. Page 10 (middle) -

The analysis of potential sources north of Los 
Reales Road, relying as it does on FIT docu
ments and prior conclusions of unnamed TRC mem
bers, appears somewhat dated. A 1983 ADHS 
report prepared by Eberhardt concluded that 
Plant No. 44 was likely the most. significant 
pollution source in the vicinity of the Tucson 
International Airport, although the report 
acknowledged the presence of other potentially 
significant sources in the area. 

Response: The names of the "unnamed TRC members" are 

those contained in the references cited on pages 10-11 of 

the RAP.. No reports or conclusions were published by the 

RIT during 1984 or prior to the publication of the RAP. 

We have reviewed our files and cannot locate a 1983 

ADHS report by Sandra Eberhardt, nor do we recall ever hav

ing been told of its existence. We do have a copy of the 

March, 1982 version of the Eberhardt report, however, in 

which ADHS concluded that the plume of groundwater contam

ination emanating from AFP 44 "has been documented by 

groundwater sampling and modeling to be limited to the area 

south of Los Reales Road." Thus, the comment incorrectly 
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implies that AFP 44 is the most significant source of con

tamination in the vicinity of the TIA. Instead, the comment 

should state at most that AFP 44 was regarded by Eberhardt 

as the most significant source contamination 

south of Los Reales Road. 

Comment: 

6. Page 13 • ADHS and other TRC members have 
at this writing not yet received pilot plant 
performance data with which to independently 
confirm this assessment of pilot plant effec
tiveness in removing groundwater contaminants. 

Response: The pilot plant performance data does con

firm the fact .. · A report analyzing. data from this system's 

first months of operations (which did not begin until April 

1985) will be provided to ADHS and others when completed. 

Comment: 

7. Page 16 (middle)-

"Concentrations of chromium" mentioned in this 
discussion should refer to concentrations of 
chromium in excess of the 50 ppb drinking water 
standard. 

•Response: Please read page 17, and review Figure 2D, 

-Total Chromium Concentrations, Regional Aquifer - Upper 

Zone, which is included in the RAP and referred to on page 

17. 
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Comment: 

8. Page 21 ·(bottom)-

It might be noted in this discussion that com
mercial grade TCE contains a number of other 
compounds as stabilizers or impurities. Some 
of these, such as epichlorhydrin, are known or 
suspected carcinogens. 

3G 

Response: The discussion of TCE appearing on page 21 

of the RAP is a quotation of EPA materials published during 

1984 in the Federal Register. 

Comment: 

9. Page 30 -

This section is incomplete without reference to 
the ADHS action level for TCE of 5 ppb, and 
more recently established action levels for 
1,1-DCE and 1,1,l-TCA (1 ppb and 200 ppb 
respectively). While these levels are volun-
tary as they apply to public drinking water 
suooliers. thev can form the basis for 
g~~~~dwat~r discharge permit requirements .. In 
such case they effectively serve to define the 
treatment limits of any groundwater reclamation 
facility that may be installed at Plant No. 44. 

Response: On November 13, 1985, EPA published its 

final Recommended Maximum Contaminant Levels ("RMCL's") for 

TCE, D6£ and TCA in drinking water. 50 Fed. Reg. 46880 

(1985). RMCL is defined by new regulations to mean 

the maximum contaminant level of a contaminant 
in drinking water at which no kno~ or antic
ipated adverse affect on health or persons 
would occur, and which includes an adequate 
margin of safety. Recommended maximum contam
inant levels are non-enforceable health goals. 
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The final RMCL's for TCE, DCE and TCA are 0, 7 ppb and 

200 ppb respectively. 50 Fed. Reg. 46901 (1985). These 

RMCL's became effective on December 13, 1985. Id. at 46880. 

Also on November 13, 1985, EPA published proposed Maxi

mum Contaminant Levels ("MCL's") for TCE, DCE and TCA. 

MCL's, when finally adopted, are enforceable standards 

applicable to water quality in public water supply systems. 

MCL's are to be set as close to RMCL's "as is feasible" tak

ing into account the best technology, treatment techniques 

and other means which are found to be generally available 

considering cost. The proposed MCLs for TCE, DCE and TCA 

are ·5 ppb, 7 ppb and 200 ppb respectively. 50 Fed. Reg. 

46902, 46904- ( 1985). Based upon your comment, the state 

action levels for TCE, DCE and TCA are 5 ppb, 1 ppb and 

200 ppb respectively. 

The precedi~g does not alter the Target Treatment Lev

els identified in the RAP since the Target Treatment Levels 

meet or exceed even the non-enforceable health goals for 

public...rater supply systems. In light of these recent 

events, however, the Table appearing on page 36 of the RAP 

is amended to read as follows: 
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APPLICABLE, RELEVANT STANDARDS AND 
TARGET TREATMENT LEVELS 

38 

EPA EPA EPA STATE RAP 
FINAL PROPOSED FINAL ACTION TREATMENT 
RMCL MCL RMCL LEVEL TARGET 

Trichloroethylene 5 ppb 0 5 ppb 5 ppb 

1,1,1, 
Trichloroethane 200 ppb 200 ppb 200 ppb 16.8 ppb 

1,1 
Dichloroethylene 7 ppb 7 ppb 1 ppb 0.033 ppb 

Chromium .05 ppm .05 

Second, this comment states that the state action lev-

els may serve as a basis for Arizona groundwater discharge 

permit requirements. Operations of the pilot reclamation 

project at AFP 44 have demonstrated that the treatment sys

tems to be employed in the USAF's full-scale groundwater 

reclamation program will purify contaminated water to levels 

which meet or exceed the state action levels. Therefore, 

although the suggestion that the reclamation project must 

undergo a formal permitting process in which state action 

levels---may serve to define treatment limits raises a number 

of legal questions, such questions are as a practical matter 

mooted by the performance capabilities of the proposed 

treatment systems.· Nevertheless, several brief responses to . 

those legal issues are set forth below. 
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First, the USAF concurs with EPA's conclusion that 

on-site CERCLA ·response measures unde.rtaken pursuant to 

CERCLA § 104 need not apply for nor receive permits. See 

Lee M .. Thomas Memorandum re: CERCLA Compliance with Other 

Environmental Statutes. Nevertheless, the USAF, without 

waiver of any legal rights, will apply for relevant state 

permits, and has previously and repeatedly informed ADHS of 

this intention. Second, we seriously question whether state 

action levels, i.e. non-enforceable health goals, can serve 

as legal requirements in a permitting proce_ss. 

In any event, the USAF will make applications for 

appropriate permits once the final design documents for the 

remedial action are completed, an event which should occur 

in the near future. Since the_treatment operations will 

exceed the state action limits, it is anticipated, as ADHS 

has in the past assured the USAF, that there will be no sub

stantive issues raised by state groundwater discharge permit 

program that would delay implementation of the proposed 

ground't!,_ater reclamation project. (Also see the response to 

ADHS comment 16 in paragraph B.16 below.) 

Comment: 

10. Page 34-36 -

While the proximal reason for establishing 
stated treatment targets for 1,1,1-TCA and 
1,1-DCE is discussed in· the text (i.e., "Previ
ous correspondence among the EPA, ADHS, and the 
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USAF . ", p. 34), the ultimate reason for 
employing these levels is not. They are the 

10- 6 exce~s cancer risk level cited in the 
1976 EPA publication, "Ambient Water Quality 
Criteria for Dichloroethylenes," and the human 
health criterion cited in the 1976 EPA publica
tion "Ambient Water Quality Criteria for 
Chlorinated Ethanes·." Both of these documents 
should be noted in these discussions. 

Response: Both of the two documents referred to in 

this comment are by this reference so noted. 

Comment: 

11. Page 65-

TEPCQ's belief that use of reclaimed water for 
the· Irving-ton Station is "impractical and 
unwarranted" is not elaborated upon. What is 
the basis for this belief? 

Response: In a September 1, 1982 to ADWR, TEPCO 

stated: 

Subsequent to initial discussions between TEP 
and DWR, we have reviewed the potential process 
of disposal of the TCE-contaminated water 
through evaporation in the cooling towers of 
our Irvington Station. Due to the large number 
of significant problems and unknown associated 
factors, TEP is of the opinion that further 
consideration of the use of the Irvington Road 
Station for elimination of the TCE would be 
impractical and unwarranted. We suggest that 
further efforts by DWR and all affected agen
cies and companies be directed toward other 
possible cleanup alternatives. 

Comment: 

12. Page 86 -

ADHS concurs with the conclusion that the rec
lamat·ion/treatment/recharge alternative is the 
preferred one of those considered. 
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Response: We appreciate ADHS's concurrence in the 

selected remedial alternative and the valuable assistance 

which ADHS has provided to the USAF in its development of 

the RA.P; 

Connnent: 

13. Page 94 -

Although the methods that will be employed to 
treat contaminated groundwater are discussed in 
the Malcolm Pirnie report that is incorporated 
by reference, the public nature and more wide
spread distribution of the RAP would seem to 
warrant a more explicit discussion of treatment 
techniques than currently appears. 

Response: Since the USAF shared this perception, both 

Malcolm Pirnie reports on treatment alternatives were phys

ically attached to all copies of the RAP that were distrib

uted for public comment. For this reason, we did not 

attempt to restate the treatment alternative analyses per

formed by Malcolm Pirnie on page 94 of the RAP. 

Comment: 

14. Page 97-

Re-ferences in this and the ensuing discussion 
to "FIT" activities are incorrect. Field 
Investigation Team ("FIT") activities in the 
area, undertaken by EPA, ended in 1982-83. 
Since October, 1983, a Superfund Remedial 
Investigation conducted by ADHS as lead agency 
with EPA funding, has been completed. Members 
of the Remedial Investigation Team (RIT) 
included ADHS, ADWR, EPA, the City of Tucson, 
and Dr. Kenneth D. Schmidt, a private consul
tant. The RIT reports will be released to the 
public in the near future. A Superfund Feasi-

23 



-

-

4) --

bility Study, funded by EPA and 
ADWR with assistance from ADHS, 
City of rucson, is ongoing. 

conducted by 
EPA, and the 

Response: Thank you for correcting our error. 

Comment:. 

16. Page 115-116 -

The ADHS requirement for a Notice of Disposal 
for any treatment alternative utilizing 
groundwater recharge, and the possibility of 
the necessity of obtaining a groundwater dis
charge permit from the Department should be 
explicitly discussed. The Air Force's respon
sibility to ADHS in this regard extends beyond 
the supplying of information mentioned in this 
discussion. 

Response: Filing·of a Notice. of Disposal ("NOD") and 

the ·possible relevance of a groundwater discharge permit are 

already explicitly discussed on page 38 of the RAP, with 

appropriate reference to relevant Arizona regulations. The 

USAF's legal responsibility in this regard is briefly dis

cussed in the repsonse to ADHS comment number 9 above. The 

USAF's intention in this regard has been frequently 

explained to ADHS in the past, and has been evidenced by the 

fact that NOD's were filed with ADHS for AFP 44's pilot rec-

lamation project recharge wells on April 4, 1985. 

Comment: 

17. Figure 2.A. (Appendix) -

The 10 ppb contour drawn for TCE is not at all 
consistent with the groundwater quality infor
mation portrayed on this map (note the 320 ppb 
concentration at monitor well M-36). If the 
contours are not representative of actual 
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• groundwater conditions, they should be changed 
or an explanation given as to why they have 
been drawn as they are. 
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Response: The TCE contour lines presented in Figure 

2.A are the TCE contour lines based on past AFP 44 disposal 

areas as the source of groundwater contamination. Included 

within the area between the 10 ppb TCE contour and the 100 

ppb TCE contour on Figure 2.A of the RAP are the following 

upper zone monitor wells and TCE concentrations: 

Monitor Well TCE 
Number Concentration 

M-16 74 ppb 

M-25 96 ppb 

M-10 10 ppb 

M-13 10 ppb 

'C''D A - 1 /, g --"" wc.n.-~ "TU 1:-'I:"" 

EPA-4 30 ppb 

EPA-2 34 ppb 

EPA-3 96 ppb 

M-34 ND* 

EPA-S· 57 ppb 

M-36 320 ppb 

(*ND means .none detected} 

The monitor wells and TCE concentrations reported outside 

the 10 ppb contour on Figure 2A are as follows: 
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Monitor Well TCE 
Number Concentration 

M-21 ND* 

M-19 3.2 ppb 

M-15 ND 

M-24A ~ " I. V 

M-14 2.7 

M-22A ND 

.... ""'" rl.-.J7 ND 

M-36 ND 

M-3.7 ND 

EPA-6 4.5 ppb 

M-35 ND 

M-32 ND 

M-31 ND 

M-33 ND 

M-30 ND 

M-lA ND 

M-28 ND 

(*ND means none detected) 

Of the 28 relevant wells on Figure 2.A, only~ wells have 

readings that are at all inconsistent with the 10 ppb con

tour: M-34, in which no TCE was detected but which lies 

between the 10 and 100 ppb contours; and M-36, which had a 

TCE concentration of 320 ppb, which is located over a mile 
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north (and downgradient) of AFP 44's northern boundary, and 

which falls within the 10 and 100 ppb contour lines of the 

plume emanating from AFP 44. The statement that the 10 ppb 

contour is "not at all consistent with the groundwater qual

ity information portrayed" on Figure 2.A is a statement that 

could only have been made without referring to the 

groundwater quality information portrayed on Figure 2.A. 

Further discussions on the concentrations of TCE found 

in M-36 are included in the attached conunents from Hargis & 

Associates on the RIT Phase I repo_rt and subsequent 

responses in this Responsiveness Summary. 

C. Recent COT Comments 

l. Comm.ant: To clarify our previous com.T.ent, 
why didn't the USAF consider a combination of 
potable reuse, i.e., potable and/or industrial 
water could have been supplied to AF Plant No. 
44 regardless of the alternative selected? A 
combination of potable uses to AF Plant No. 44, 
Davis-Monthan, and the City, coupled with rein
jection if desired could beneficially use all 
water produced by an optimized pumping scheme 
and may have been cost effective despite the 
longer clean up perio4 required. 

The point of this comment is that potable uses 
could have been combined to use the optimum 
amount of water produced by a reclamation well 
field. An alternative which uses 310 gpm when 
you must dispose of 2000 gpm is not a realistic 
alternative. 

The City fully endorses the remedial alterna
tive selected. The above comment is intended 
only to point out what appears to staff to be a 
weakness in the _evaluation of alternatives. 
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Response: The USAF appreciates COT' s e·ndorsement of 

the proposed remedial alternative.· Since this comment 

acknowledges the appropriateness of the proposed groundwater 

reclamation system, we will not respond in detail to all 

possible combinations of the various response measures dis

cussed in the RAP. 

In essence, this comment suggests that other beneficial 

uses could have been made of treated water, and that the 

extraction rate of contaminated water could have been 

adjusted to accord with the demand for various water uses. 

As stated in the RAP, and noted in our response to similar 

comments on potable usage of treated water above, recharge 

is an important component of the reclamation program not 

only for cost-effectiveness considerations, but for signif

icant environmental reasons as well. Without recharge, not 

only is the operating life of the reclamation project more 

than doubled, but the failure to recharge would result in 

significant aquifer drawdown impacts and related adverse 

effect:1., In balancing the potential benefits to be derived 

from immediate potable or industrial use of treated water 

against the increased operating costs of a longer term rec

lamation project and other environmental risks, the USAF 

decided that recharge was an essential component of the pro

posed remedial action. 
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The real issues then are whether some water from the 

treatment plant .could be diverted for immediate beneficial 

use, and whether any near-term benefits gained from such a 

diversion justify the additional capital investment and 

operating costs associated with other distribution systems 

that would need to be constructed from the treatment plant 

to provide a water service during the approximate ten-year 

period during which the treatment plant is expected to oper

ate, 

Even if t'.h"' answ .. .,.. t-.-. t:h .. first: qu .. st:i_.-.n were yes, the 

answer to the second question would be no. By way of exam

ple, consider the additional capital, operating and mainte

nance costs associated with the three proposed uses 

discussed in the comment: use of treated water at AFP 44, at 

Davis Monthan AFB and by the City. The estimated additional 

capital costs of the distribution systems for these three 

uses is $4,773,210 (see, Table 2 of the RAP), roughly a 

twenty percent increase above the capital costs associated 

with the treatment and recharge proposal alone. The approx

imate additional operating costs for these distribution sys

tems for ten years is approximately $10,051,790 dollars 

(halving the. combined 20-year operating cost estimates for 

these systems presented in Table 2 of the RAP). The approxi

mate capital and operating expenditures for the three addi-
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tional treatment plant distribution systems, from which 

approximately ten years of benefit would be derived, is 

$14,825,000. The cost of such alternate systems far out

weigh any near term benefits associated with. such uses dur

ing the anticipated period of the reclamation system. 

D. Recent EPA Comments 

l. Comment: The extent of contamination in 
the aquitard below the upper aquifer and in the 
lower aquifer has not been completely defined. 
The RAP should acknowledge this and indicate 
the Air Force plan and schedule for further 
investigation of the vertical extent of 
migration of AFP 44 contaminants. 

48 

Response: Eleven lower zone wells have been monitored 

during the USAF's investigations to define the nature and 

extent of groundwater contamination in the lower zone of the 

regional aquifer. Data representative of that gathered from 

these wells during the USAF investigations or monitoring 

programs are depicted on Figure 2.E of the RAF, which shows 

the following: 
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~--.:. ---.:--noRJ. i; u x- .1.ua 
Well TCE TCA DCE Chromium 

.. ... .., 'I.TT\~ UT\ 11.Tn UT\ rr,, LUI- .. ., ... ., .... ., 
M-1B ND ND ND ND 

M-26 77 ppb ND ND ND 

.. ....... ....... 1'Tn I.TT\ un n-.c.4'D LHI L,u 1,u L1U 

M-24B ND ND ND ND 

M-2C ND ND ND ND 

M-12B 8.2 ppb ND ND ND 

HAC-1 340 ppb ND 19 ppb .01 ppm 

M-1B ~ ~D ND ND 

u - ,, n ... a --'- 11.TT\ 11.TT\ 1'Tn 
L-1- 4 7 '. <> J:-'J:-'U .. ., 1,u .,., 

EPA-2A ND ND ND .02 ppm 

(*ND means none detected) 

Of these eleven lower zone monitor wells, contaminants 

have been detected in five, and only three had concen

trations exceeding the state action levels: HAC-1, M-12B 

and M-26. These three wells monitor lower zone water qua!i-

ty in the vicinity of former production wells which pene

trate "for formerly penetrated) both zones of the regional 

-aquifer system. Given the existence of a 50-100 foot thick 

aquitard separating the upper and lower zones (which is 

documented in the RAP and supporting documents), given the 

fact that contaminants were rarely found in the lower (which 

is documented in the RAP and supporting documents), and 
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given the fact that concent~otiun~ of cont~uinants _, . 
0:.11.ceeo.1.ug 

state actions levels occur only in areas penetrated by for

mer production wells, the USAF concluded that the lower zone 

had not. been directly contaminated by past disposal activ

ities at AFP 44, and that the contamination which did exist 

in the lower zone was the result of contaminated water from 

the upper zone migrating to the lower zone through well 

casings which penetrated both the upper and lower zones in 

areas where contaminants existed in the upper zone. 

Figure 2.E represents the approximate_ extent of contam

ination in the lower zone based on the results of lower zone 

monitoring and the hydraulic characteristics of the lower 

zone (which are reported in the RAP and supporting docu

ments). Based on these facts., it is the USAF's opinion that 

the definition of lower zone contamination has been ade· 

quately defined. 

Having already reviewed the preliminary designs for the 

reclamation wellfield system, EPA is aware that any uncer

tainty-which may exist in the definition of the nature and 

extent of contamination in the lower zone is more than com

pensated for by the designs for the intended remedial activ

ity. The reclamation wellfield design, as shown on Figure 2 

of the RAP, identifies the proposed location of four lower 

zone extraction wells to remove contaminated water from the 
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lnwPr ~nnA. These wells are located so as to extract lower 

zone contaminated groundwater from areas known to be or 

which might be contaminated. Monitoring of lower zone water 

quality_will be continued during the implementation of_the 

remedial action to assure attainment of that result. 

Thus, contamination in the lower zone has been ade-

quately defined, and any nn,.ll'>rt-aint-y iu1 t-n this definit:inn 

would be cured through the "over-design" of the lower zone 

extraction system. The efficacy of the lower zone remedial 

action will be determined through continued. lower zone 

groundwater quality monitoring. In the unlikely event that 

continued monitoring indicates that the lower zone action 

gation may be performed. However, further investigation of 

groundwater quality in the lower zone is not presently nee-

essary. 

This comment also states that the extent of contam

ination in the aquitard has not been adequately defined. At 

AFP 44..__ the aquitard is a layer of clay and sandy clay rang

ing in thickness from approximately 50 to 160 feet. The 

aquitard is overlain by the upper zone of the regional 

aquifer, which is comprised of sand and gravel with some 

sand and sandy clay ranging in thickness from 60 to 100 

feet. The sediments which comprise the upper zone of the 
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regional aquifer are in turn overlain by a layer of perching 

materials ranging in thickness from 25 to 50 feet. 

The. assumption of this comment is that contaminants 

have already migrated into the aquitard, which therefore 

warrants further investigation. We, however, are unaware of 

any facts which give credence to the assumption. 

r- ) 
,.) .; 

As discussed above, contamination in the lower zone 

appears limited to those areas where production wells pene

trated both zones. If the observed contamination were the 

result of contaminants having migrated through groundwater 

in the upper ·zone and then through:50 to 100 feet of rela

tive·ly impermeable clays in the aquitard into the lower 

zone, lower zone groundwater contamination would be far more 

widespread beneath the facility than it is given the extent 

to which high concentrations of contaminants are distributed 

in the upper zone of the regional aquifer beneath the facil~ 

ity. A comparison of Figures 2A through 2D of the RAP with 

Figure 2E will graphically assist in understanding this 

point.- Thu·s, lower zone water quality analyses, which indi

cate an absence of contaminants in the majority of the lower 

zone, do not support a conclusion that contaminants have 

penetrated the aquitard. 

Nevertheless, our fundamental response to this comment 

arises from the perspective of practical, cost-effective 
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decision making. The remedial action will b~ performed over 

an estimated ten-year period. As EPA stated in an earlier 

comment to the USAF on this point, investigation of the 

aquitard (which the USAF does not presently believe to be 

necessary) "need not be conducted before completing the 

upper regional aquifer remedial action." The proposed reme

dial action, of which continued groundwater quality monitor-

ing in the upper and lower zones of the regional aquifer 

will be an integral part, has an estimated duration of at 

least ten years. If at the end of ten years, or at any ti~e 

before, _groundwater quality data indicate that the aquitard 

could be a continuing source of groundwater contamination, 

then consideration may be given to investing money in the 

performance of such an investigation. Presently, however, 

the expenditures associated with an investigation of the 

aquitard are economically unjustifiable. 

2. Comment: The RAP should discuss the con
tamination found in perched zone monitor well 
B-9 which has consistently showed approximately 
1000 ppb TCE over the past three years. This 
wall is significant in that it is located adja
cent to the present wastewater evaporation · 
ponds and the former location of an unlined, 
backfilled wastewater holding pond, This dis
cussion should include its possible source, 
effect on the remedial action, and need for 
additional remedial measures. 

Response: Perched zone monitor well B-9 was drilled on 

June 16, 1981. The bore hole was drilled to 91 feet below 
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land surface. The well was cased to 90.4 feet; with the 

casing perforated from 80-90 feet. The construction details 

and lithologic logs for the well are contained in Appendix B 

of Volume III of the Hargis & Associates, Inc. Phase I 

Report. 

B-9 was drilled into the area of the largest of the 

pre=l977 Much cf the 

area where this former pond was located was covered in 1977 

by a single-lined evaporation pond, part of AFP 44's 

zero=discharge industrial wastewater treatm~nt plant 

(IWWTP), which in turn is now overlain by the double-lined 

ponds with an intermediate leak detection system. Since 

1981, all ponds used 

tored for leakage by a progressively-expanded neutron probe 

detection system (capable of detecting soil moisture content 

changes which would occur as a result 

impoundments) and by monitoring water level and quality 

changes in perched zone monitor wells. 

In_addition to the construction of monitor well B-9 as 

part of the Phase I investigation of historic AFP 44 dis

posal sites, soil boring C-4 was completed immediately adja-

cent to moriitor well 'R- q - . ' 
unlined impoundment. See Figure 1 of the Phase I Investi

gation. This boring was completed to a depth of 90 feet. 
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Samples were collected from this boring on October 12, 1981 

at five-foot intervals and analyzed for the presence of vol-

atile organic compounds. The results of these analyses 

showed the following: 

Depth of 
Sample Below TCE TCA DCE 
Surface (feet) (ppb) (ppb) (ppb) 

3.5 6 4 ND* 
10 ND ND ND 
15 2 ND ND 
20 ND ND ND 
25 2 ND ND 

30 2 ND ND 
35 3 ND ND 

40 3 ND ND 

45 3 ND ND 
50 4 ND ND 

55 2 ND ND 

60 3 ND ND 
65 3 ND ND 
70 2 ND ND 

76 6 ND ND 
82 4 ND NU 
85 8 ND ND 
90 10 ND ND 

(*ND means none detected) 

These results are reported in Appendix I of the Phase II 

Report. 

Neutron logs taken from the neutron probe monitor

ing system around the current surface impoundments since 

1981 have not shown any evidence of increased soil moisture 

content reflective of leakage from any of the impoundments, 

either as single-lined impoundments during the period of 

1977-1984 or as double-lined surface impoundments since 
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1984. These results are reported in the following docu

ments: Construction and Testing of Pilot Neutron Logging 

System, Hughes Aircraft Company Manufacturing Facility, 

Tucson, Arizona, (Hargis & Hontgomery, Inc. 1981); Results 

of Additional Testing, Pilot Neutron Logging System, Hughes 

Aircraft Company Manufacturing Facility, Tucson, Arizona, 

(Hargis & Montgomery, Inc. 1982); Results of Construction 

and Testing of Neutron Logging System, Hughes Aircraft Com

pany Manufacturing Facility, Tucson, Arizona, (Hargis & 

Montgomery, Inc. i983); Memorandum Report Evaluation of " n n "' .L70.J 

Quarterly Neutron Logs (Hargis & Associates, Inc. 1984); 

Res~lts of Neutron Calibration Experiment at Neutron Logging 

Hole N-5 (Hargis & Associates, Inc. 1984); Memorandum Report 

Evaluation of 1984 Quarterly Neutron Logs (Hargis & Associ

ates, Inc. 1985). 

The comment suggests that the relatively constant 

levels of TCE found in monitor well B-9 may be the result of 

a continuing source of TCE_ filtering through the vadose zone 

into th_e zone of perched water which might be either the 

pre-1977 wastewater holding pond or the post-1977 

impoundments. The data contradict the implications. 

First, the analytic results of the samples taken 

from soil boring C-4 indicate that the soil column in the 

vicinity of perched zone monitor well B-9 is incapable of 
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being a source for constant perched zone contamination at a 

concentration in excess of 1000 ppb TCE. The concentrations 

of TCE found in the soils there are trace amounts~ orders of 

magnitude below the TCE concentrations found in well B-9. 

The trace amounts of TCE in the soil column cannot result in 

relatively constant perched water concentrations found in 

B-9. Further evidence that historic disposal in the 

pre-1977 ponds is not a source of the continued TCE readings 

is found in the fact that no DCE was detected in the soil 

column. Even though there is no DCE in the soil column at 

C-4, the B-9 concentrations of DCE·have also remained rela

tively constant since monitoring began . 

The neutron probe data and perched zone monitor 

water levels gathered over the past four years indicate that 

the IWWTP impoundments, either as single-lined or dou

ble-lined ponds, have not leaked. 

As is discussed in the RAP, contaminated water in 

the perched zone represents a potential continuing source of 

contam:Nlation to the upper regional aquifer. To address 

th~s potential problem, groundwater extraction wells con

structed through the perched zone will be designed to drain 

perched water into the upper regional aquifer where they can 

be extracted for treatment. The purpose of this design is 

to assure that any siow migration of contaminated perched 
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zone water into the upper regional aquifer does not extend 

the time needed·to remedy contamination in the upper zone of 

the regional aquifer. Continued monitoring of the perched 

zone wi·ll continue during the groundwater reclamation 

project to ensure that the perched zone does not continue to 

be a source of contamination in the upper regional aquifer. 

E. Recent Agency Comments Concerning Possible AFP 44 TCE 

Sources Not Addressed By The RAP Or Prior USAF Investi

gations 

Two agencies, EPA and COT, indicated that the 

USAF's investigations or analyses of historic AFP 44 dis

posal areas and their impact on the regional aquifer were 

inadequate based upon a failure to account for a potentially 

significant source of TCE located in the northwest corner of 

AFP 44. Because of their similarity, these comments are 

individually presented below and given a single response. 

1. COT Comment 

Again, the 1982-83 belief that the plume ema
nating from AF Plant No. 44 terminates in the 
vsi.cinity of Los Reales Road may have been rea
sonable based on the limited data available at 
that time. To maintain this inter~retation of 
the data today requires that one assume both a 
major source of contamination south of Los 
Reales Road, which hasn't yet been discovered 
either by the Remedial Investigation Team or by 
the USAF, and that the industrial wastewater 
discharged by AF Plant No. 44 was free of TCE 
despite evidence to the contrary. A more 
likely interpretation of today's data is that 
the industrial wastewater discharged by AF 
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Plant No. 44 ~s a major souree of groundw~ter 
contamination to the north of Los Reales Road. 

Whether or not the computer modeling provides 
only secondary support is virtually irrelevant 
in explaining the concentrations found at M-36. 
The much lower concentration detected in the 
samples from monitoring wells off to the side 
of the main plume and south of M-36 are consis
tent with the concentrations found at M-36. 
Basically, the USAF has chosen to explain the 
high concentrations at M-36 by ignoring the 
industrial wastewater discharged by AF Plant 
No. 44 and by assuming an undetermined source 
south of Los Reales Road. 

While the discharge from former wastewater 
treatment may not have contained significant 
levels of solvents (fCE concentrations were 
probably less than .1%). when·compared ·with the 
large amounts of solve·nt phase waste disposed 
of in the southeast portion of the property, 
they were more than adequate to cause the bulk 
of contamination to the north of Los Reales 
Road. 

2. EPA Comment 

(5) The RAP indicates that the solute trans
port model was used as a secondary analytic 
tool to define the extent of AFP 44-caused con
tamination (page 8). Since data on actual dis
posal rates, locations, times, and contaminant 
movement rates is not presently available, 
intrepretations [sic] based on the solute 
transport modeling results themselves are ques
t.i.onable. If, however, the modeling is being 
used as an aid in interpreting hydrogeologic 
and other information then the model should 
include a potentially major source of TCE -
solvent and solvent-contaminated rinsewater 
disposal during the 1950's and 1960's in the 
ditches located in the northwest corner of AFP 
44. Peak disposal rates have been estimated at 
1,250,000 gallons per week. Any solute trans
port modeling should include this source area, 
which the existing model does not. 
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Both ADHS fsee comment Bl7 above) and The City of 

Tucson have suggested that the 1984 TCE concentrations found 

in monitor well M~36 contradict the USAF's conclusion with 

respect to the extent of contaminant migration from AFP 44. 

ADHS contends that the TCE contour lines drawn from AFP 44 

in the RAP are patently inconsistent with observed TCE con-

centrations portrayed on Figure 2.A of the RAP - a con

tention that could only have been made without reference to 

the TCE concentrc1.tion:s on Figure 2~A of the RAP. The COT 

contends that the USAF has chosen to explain the high con

centrations at M-36 by ignoring past industrial wastewater 

discharges at AFP 44, which COT 

quate to explain not only the high concentrations of TCE at 

M-36, but the majority of the groundwater contamination in 

the area north The EPA comment makes 

clear that the location of this purported, potentially major 

source of TCE 'through past industrial wastewater discharge 

is the . ..northwest corner of AFP 44. 

All of these comments, as well as the following com

ments concerning the RAP's conclusions as to the extent of 

contaminant migration, are made without reference to sub

stantiating facts, but appear to be based on the recently 

published draft RIT Phase I Investigation Report. There-
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fore, the USAF responses to the above comments regarding TCE 

disposal in the·northwest corner of AFP 44, as well as other 

agency comments with respect to the extent of contamination 

migration from AFP 44 identified below, will be fully 

addressed, as they should be, in the USAF's detailed com

ments regarding the inadequacies of the RIT investigation. 

For present purposes, however~ several preliminary 

responses are appropriate. First, the assumption that dis

posal of TCE in the northwest corner of AFP 44 resulted in 

the "bulk of contamination to the north of Los Reales," or 

the TCE concentrations in well M-36, either on the basis of 

computer modeling or an interpretation of actual groundwater 

quality monitoring results is absurd. With respect to com

puter modeling, the RIT in fact developed a computer model 

scenario in which AFP 44 was the assumed sole source of TCE 

contamination in the TIA (the "Second Scenario"). In the 

Second Scenario, 0.12 gallons per day (gpd) of TCE were 

introduced into the upper zone of the regional aquifer for 

the petiod of 1955-1959 at the intersection of Old Nogales 

Road and the Hughes Access Road. Other potential TCE source 

points along the supposed industrial wastewater discharge 

route at AFP 44 were assumed and considered to have made a 

total contribution of approximately 1225.45 gallons of TCE 

into the upper zone. Given these figures, industrial 
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wastewater discharge at AFP 44 was assumed in the Second 

Scenario to be the single largest volumetric contributor of 

TCE contamination to the regional aquifer of any source in 

the TIA.· See Figure 30. 

Despite these liberal assumptions about the impact of 

industrial wastewater discharges on TCE concentrations in 

the aquifer, the computer projection of TCE transport from 

AFP 44, even using AFP 44 as a sole source and even after 

inputting a significant TC.E input in the northwest corner of 

AFP 44, contradict the COT'S assertions. The RIT Second 

Scenario computer modei does not even project the l ppb con

tour line that extends to the northernmost extent of meas

ured TCE concentrations (Figure 31). Falling north (and 

downgradient) of the projected 1 ppb contour line are TCE 

concentrations of up to 77 ppb. Falling between the 

projected l ppb contour line and the projected 10 ppb con

tour in the area north of Los Reales Road are observed TCE 

concentrations of 1, 34, 43, 50, 80, 50, 36, 70 and 48 ppb. 

Only one of the observed concentrations accords with the 

Second Scenario's projected 1 ppb and 10 ppb contours. The 

much emphasized TCE concentration at M-36 (320 ppb by actual 

measurement in December 1984, reported as 270 ppb on Figure 

31 based on an earlier measurement) falls at the edge of the 

projected 10 ppb contour. 
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In short, the computer modeling performed by the RIT in 

its Second Scenario, which assumes a remarkable contribution 

of TCE to the regional aquifer, contradicts the assertions 

that: ~l) TCE-contaminated industrial wastewater (assuming 

such waters were significantly contaminated by TCE) dis

charged to the northwest corner of AFP 44 (assuming further 

that the transport mechanism allowed for significant 

migration of TCE into northwest corner soils and made this 

area a significant source of TCE contamination) was "a major 

source of groundwater contamination to the north of Las 

Reales ~oad"; (2) there are no other sources of TCE contam

ination in the TIA area contributing to the so-called "main 

plume"; and (3) high concentrations of TCE at M-36 are the 

result of contaminant migration from AFP 44. 

Further preliminary responses to comments concerning 

the northwest corner of AFP 44 as a major source of TCE con

tamination and AFP 44's contribution to groundwater contam

ination at AFP 44 are contained•in the attached copy of 

Hargis....& Associates preliminary comments on the RIT report. 

F. Recent Agency Comments Concerning the Extent of Contam

inant Migration From AFP 44 

EPA·and the COT both made generalized comments with 

-respect to the extent of groundwater contamination emanating 
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from AFP 44. Because of their similarity·, these cc::unents 

are presented individually below and given a single 

response. 

EPA Comment: Based on currently available 

information, it appears that the northern 

boundary of the contamination emanating from 

AFP 44 probably extends well beyond Les Reales 

Road as the RAP states. In addition, the RAP 

should explain the technical basis for the con

clusion on the extent of AFP 44-caused contam

ination. 

COT Comment: Staff's co~.ments on the Final 

Draft RAP remain essentially the same as those 

previously expressed in the letter of June 24, 

1985 [in which COT provided earlier comments on 

a pre-publ_ication versi.on of· the RAP]·. Unfor-. 

tunately, the response [from. the USAF] of 

October 22 either misses the intention of the 

comments or simply states that the USAF inter

pretation of the data available to the USAF 

supports the conclusions in the RAP. We are of 

the belief that TCE contamination: emanating 

from AF Plant No. 44 has migrated considerably 

north of Airport Wash and contributes the bulk 

of TCE contamination north of Los Reales Road. 

The facts to supBort our belief are contained 

in the Final Draft of the Remedial Investi

gation Report which has been supplied to the 

USAF [subsequent to the publication of the 

RAP]. 

Staff never intended that the USAF undertake 

further remedial investigations north of Los 

Reales Road. However; assuming the bulk.of 

contamination to the north resulted from AF 

Plant No. 44 activities, then it is reasonable 

to perform a technical evaluation to detet=rnine 

the portion of the contamination plume which 

can be cost effectively remediated using the 

proposed RAP. 

Response: ADHS (through prior comments and in its 

draft RIT Phase I Report), EPA and COT have each expressed a 
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"belief" or an "apparent probability" that groundwater con-

tamination emanating from AFP 44 extends well north of Los 

Reales Road, beliefs which differ substantially from the 

USAF's conclusions in this regard. Such beliefs are unac

companied by any analysis of the recorded data. At the out

set, however, it should be noted that, notwithstanding their 

contra4y beliefs, these agencies have the 

USAF's proposed remedial action south of Los Reales Road and 

encouraged its expeditious implementation. The conmtents 

regarding the extent of contamination emana_t~ng from AFP 44 

do not rai'se substantive issues as to the necessity, advis

ability or feasibility. of the proposed remedial action. 

ADHS and 

selves, however, it is the USAF's opinion that such beliefs 

are not well-founded and indeed are contradicted by the 

faets~ Since such beliefs are derived from tha final draft 

RIT Phase 1 Report, it is the USAF's opinion that_ such 

beliefs are· the product of highly questionable if not 

patentJ.y defective analyses of the facts that have been 

developed. 

The USAF's initial response to the RIT Report is pre-

Inc. 

Hargis & Associates' initial review of the RIT Report 
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revealed major problems with the RIT Report's conclusions 

and analyses, including those summarized below: 

a. Volume I concludes that AFP 44 is the predom

inant source of contaminants in groundwater north of Los 

R'eales Road based upC!n the purported migration of contam

inants from AFP through "unique hydrogeologic conditions" 

along the "longitudinal axis of the· main plume'' which 

extends from AFP 44 to Valencia Road. However: 

l. lithologic logs from wells throughout 

the TIA area demonstrate that "unique hydrogeologic condi

tions" do not exist along any such "longitudinal axis"; 

2. groundwater quality data demonstrate 

that there is not a continuous narrow strip of high contam

inant concentrations extending from AFP 44 to Valencia Road, 

or even from AFP 44 to Los Reales Road. The observed con

centrations of TCE, DCE, chromium and chloroform in fact 

contradict the conclusion; 

3. Volume I of the RIT Report disregards 

concluuons in Volume III of the Report concerning the 

existence of other contaminant sources north of AFP 44; 

4. the Volume III Report on the Investi

gation of other sources dismisses some sources north of AFP 

44 based on inadequate investigations, dismisses other 

sources based on questionable.interpretations of the data 
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developed, and overestimates AFP 44 contributions to 

groundwater contamination through the use of analyses used 

elsewhere to reject other potential sources of groundwater 

contamination north of AFP 44; 

5. not even RIT computer modeling of con

taminant transport away from AFP 44, modeling which assumes 

that industrial wastewater discharges resulted in signif

icant TCE contamination to the aquifer from the.northwest 

corner of AFP 44 (a highly questionable assumption based on 

the USAF's detailed analysis of past AFP 44 disposal prac

tices), projects contaminant migration which supports the 

sweeping conclusions of Volume I, and the isocontour lines 

projected by such modeling are themselves contradicted by 

observed contaminant concentrations actually measured from 

monitoring wells .located throughout the TIA area. 

These deficiencies are discussed at greater length in 

the attached letter from Hargis·& Associates on the RIT 

Report. Detailed comments on the RIT Report are being pre

pared,---and will constitute a complete response to these 

agency comments once finalized. 

G. Recent Agency Comments Concerning Community Relations 

Plans 

EPA and ADHS suggested that, while adequate, 

improvements could be made to the RAP's Community Relations 
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Plan. The USAF has already sponsored a variety of programs 

to inform the public about the proposed remedial action and 

to provide for public participation in the identification of 

an appropriate remedial response. Two major meetings with 

representatives from the press and a variety of public agen

cies and public interest groups were held during 1984, and 

the distribution of the RAP for public cofflffient are reflec-

tive of the USAF's commitment in this regard. 

The RAP's Community Relations Plan is based on 

USAF guidance which was developed .in consultation with EPA_. 

However, in order to assure that the public is fully 

informed as to the implementation of the AFP 44 remedial 

action program, the USAF will meet with EPA and ADHS to 

ensure that the RAP's Community Relations Plan is fully 

coordinated with the community relations efforts undertaken 

by them in conjunction with the RIT investigations, and to 

amend as appropriate the RAP's Community Relations Plan. 

H. Recent Comments from ADWR 

1- . Coiiiffient; With regard to our couuilents on 
the previous draft, it is our opinion that the 
disclaimer appearing on page 5 of the final 
draft is sufficient to point out to the reader 
that technical differences may exist regarding 
such matters as the probable extent of 
groundwater contamination emanating from Air 
Force Plant #44. However, we believe that 
statements made prior to the disclaimer regard
ing the extent of contamination (such as on 
page 2, bottom) should be portrayed as the Air 
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Force's opinions, rather than as generally 
accepted belief. 

Response: Please see the response to Comment B.2 above. 

2. Comment: Also with regard to our com
ments on the previous draft [of the RAP], we 
are somewhat disappointed that continued 
groundwater monitoring (particularly.of the 
perched zone) was not more fully addressed in 
the final draft RAP. 

Notwithstanding these concerns, we believe that 
the final draft RAP is representative of a com-. 
prehensive analysis of the problem at hand, and 
presents a proposed remedial action that 
appears to be -both appropriate and effective. · 

G9 

Resconse: As part of its remedial investigation, the USAF 

has constructed and/or routinely sampled and analyzed 

groundwater quality at over 104 perched zone and regional 

aquifer monitoring wells at and in the vicinity of AFP 44. 

An extensiv~ monitoring system is already in place, and con

tinued groundwater quality monitoring would be required for 

any remedial program analyzed. Since this factor was there

fore one that would not influence the selection of a pro

posed remedial alternative, the issue was not exhaustively 

discussed for each alternative discussed in the RAP. 

The specific groundwater quality program to be 

implemented in conjunction with the remedial action proposed 

by the RAP will, however, be developed as part of the 
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detailed design and operating pro~edures for the proposed 

system. We will work closely with the ADWR and others in 

developing a specific monitoring program for the AFP 44 

groundwater reclamation project. Obviously, the monitoring 

program will include both the perched zone and the regional 

aquifer water in the treatment area, a fact which is made 

clear in the RAP. 

The USAF appreciates ADWR's endorsement of the 

proposed remedial action plan. Your responsible comments 

and advice have been of great value in the development of 

the USAF investigations and remedial alternatives analysis, 

and we look forward to continued support from ADWR as we 

develop final design documents for the AFP 44 groundwater 

reclamation project, including its monitoring system. 

I. Other Technical Comment 

As part of their comments, several agencies have 

also made specialized technical comments on issues relevant 

to implementation of the proposed remedial action. These 

comments concern detailed engineering design matters and are 

not relevant to the feasibility or selection of an appropri

ate remedy. Such comments have been addressed and will con

tinue to be reviewed by the hydrogeologic subcommittee of 

the AFP 44 Technical Review Committee as design documents 

for the proposed system are developed. 
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For 0/ meeting With PL, JA 
Hughes Airc:raft ~ 

MAIN 'IHRt.JSr 

'IEE AIR roRCE MI1ST IMPLEMENl' A FINAL ~ REMEDIAL PRC.GRAM IN .RESPCHSE 'ID 
HISTORIC WASTE DISPOSAL CJillSID ~ CXNrAMINATICN BENEA'.lH ITS F11CILI'IY :m 
'IUCSCN ARI1.0NA. 

DISCUS.SICN 

(l) 

United States Air Force Plant44 (AFP 44) is a G::JverTinent-Ome:i, a:ntractar
Operated manufacturing facility in Tucsai, Arizona operated by Hughes Aircraf.t~ 
Catpany on behalf of the United States Air Force. In 1981 the Air Force • -
leamed of the presence of ccntaminants in the groundwater beneath the facility 
and together With Hughes initiated an extensive investigaticn to identify the 
source-and extent of -any groundwater cxritaminaticn which might have been- caused 
.~ actj.vities at AFP 44. · ·niat investigatioo ha,s shewn that as a- result .of . 
historic (alt:houah then envinnnentally acceptable} -waste~ practices,·· 
groundwater be!leath the facility is contaminated and that cxrit.arni.naticn has 
rroved in the grourxiwater northwesterly fran the facility's northern boundary 

- (2) 

to the vicinity of Los Real.es Road. 

•• 
I 

In respaxlirlg to the presence of AFP 44-caused groundwater amtaminatim unde+ . 
its 9uth:>rity under the Corq:irehensive awirairrental Respalse, C'anpensaticn and 
Liamlitv Act, the Air Force has o::Jtl)lete:i a study examining several i;x,ssible 
strategies of remedial acticn. The results of that study are exhaustively 
pre.seated in a Rsredial Acticn Plan (RAP) • The RAP identified 18 alternatives 

--fer t'e!t8dial acticn: however, six of these alternatives, includi.ng the no 
A actiorr alternative, were elimil'la.ted in the initial screening of the study. 

'Iwelve of the alternatives, ea.ch involving the withirawal, treatment and reuse 
or rec:harae of aroundwater, -were mJre fully explored and evaluated (see 
attaciTcelt). - - -

(3) PR:)FQSID ACI:I.~ 

The Naticnal. OJntingency Plan at 40 CFR 300.68(j) provides that: 

The awrc,priate extent of reuedy shall be deteonined by the lead agency's 
selectiai of the renedial alteinative which the agency detennines is 
CX>St-effective (i.e, the lowest oost alternative that is teclmologically 
feasible and reliable and which effectively mitigates and min:imiZes 
darrages to and provides adequate protectim of public health, ~fare 
or the enVirament) • 

._ -· -- .. ,._..... . 

... c 
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Consistent with the requirsrents of the National Contingency Plan and the 
Depart:nent of Defense's Installatic:in ~tim PLajl.am, the Air Force tias 
eva.luate:i the alternatives' CClltr:imtiai to the protectioo of the ?,Jblic 
health cU"id er,v.u:on.rent, as well ciS the aJ.t.ernativc.s' cost, t.::,;hnological 
feasibility and reliability, and envira'lnental ini)acts. The resulting Air 

Force prop::,sal is to inplarent the alteJ:native of direct aa:iuifer recharge of 
treated grourl:lWater by recharge wells. 

ACTICN DESIRED 

Approve and Sign Record of Decision to .:irtplEl'IBlt the ~am. 

As of: 19 Nov 85 
OPR: JA/Maj Harte 
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DEPARTMENT OF THE AIR FORCE 
HEADQUARTERS AIR !"ORCE SYSTEMS COMMAND 

ANE:iRi:Wii AiR ll'OfltCE SASE. CC 20334 

Record of Decision 

Remedial Alternative Selection 

Site: Air Force Plant 44, Tucson, Arizona 

Analyses Reviewed: 

I am basing my decision upon review of the following 
rln~um ... nts relating to the oresence of 2roundwater contamination 
at Air Force Plant 44 and the evaluation of remedial alternatives 
at the plant. 

-Remedial Action Plan (together with the documents and 
reports incorporated therein and as referenced in the 
atta,_h,.rl\ 
u. .... --··--, 

. -Respons i vertess Sumn_ary 

-Environmental Assessment and Finding of No Significant 
Impact 

-Results of the Tucson Airpoit Area Remedial 
Investigation Phase I and the conments thereon by Air 
Poree consultants 

-Installation Restoration Program Phase I Report 

•Staff and Consultant Sumnaries and Recomnendations 

---•-•~••-- -• B-1--•-~ ff---~-• uescr1pi1on 01 .:,e1ecLeu ni::rm::uy. 

-Construction of a reclamation wellfield to extract 
contaminated groundwater from the regional nr1uil,t!I," 

O"'J\4&&._.,& 

-Withdrawal and treatment of the extracted groundwater to 
remove contaminants 

-Reinjection of the treated water to the regional aquifer 

-Monitoring of the groundwater ~o ensure the effectiveness of 
the remedial effort and to substantiate termination. 

Declarations 

Consistent with the Comprehensive Environmentai Response, 
Compensation and Liability Act of 1980 (CERCLA), and the National 
Contingency Plan (40 CFR Part 300), I have determined that the 
extraction of contaminated groundwater, its treatment and the 
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reinjection of treated water at Air Poree Piant 44 is a cost
effective remedy, and that it effectively mitigates and m1n1m1zes 
damage to, and provides adequate protection of, the public 
health, welfare and the environment. The State of Arizona, the 
City of Tucson and the Environmental Protection Agency have been 
consulted and agree with the approved remedy, encouraging the Air 
Force to proceed with the remedy's implementation. 

I have determined that the extent of groundwater contamination at 
Air Force Plant 44 has been persuasively demonstrated by the data 
and technical analyses referenced and discussed in the Remedial 
Action Plan. Implementation of the proposed remedial action 
program is necessary to prevent further harm to the 
environment. Any conflicting views with respect to the extent of 
the Air Poree Plant 44 plume of contamination would not alter the 
necessity for the proposed actions. The selected remedy 
minimizes any potential impact upon any available remedy to the 
groundwater contamination in the Tucson International Airport 
Area outside of Air Force responsibility. • 

This action will require future operation and maintenance 
activities to support the treatment of contaminated groundwater 
at Air Force Plant 4.4 •. ~ata coll.ec.ted ·from the continued , 

78 

·monitoring of· the· groundvte.ter e-!'feCte·d. by Air Force Plant 44 
activity will be analyzed.to determine the point of treatment I 
termination. 

~~_g,~ 
----------- .• ~~~,tf"~ 
WI LL I Ar-"1 E • THl1P,JVl'J\...li 
Lieutenant General, USAF 
Vice Conrnander 
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SUMMARY OP REMEDIAL RESPONSE ACTIVITIES 

AND REMEDIAL ALTERNATIVE SELECTION 

Air Force Plant 44 

Tucson, Arizona 

Site Description and History 

80 

United States Air Poree Plant 44 (AFP 44) is a United States
owned, contractor-operated defense systems manufacturing facility 
located in Tucson AZ. It occupies approximately 2,106 acres of 
land southwest of the Tucson International Airport. AFP 44 is 
operated for the Air Force by Hughes Aircraft Company and has 
been producing major defense systems for the United States since 
1951. 

In early 1981, the Environmental Protection Agency conducted a 
preliminary investigation of groundwater conditions and quality 
in the vicinity of the Tucson international Airport. The results 
of this investigation indicated the presence of contaminants in 
groundwater be·nes.~h AFP.44, Subsequent to· this dis.co-very, the 

· Ai'r Force. and Hughes initiated an extensive review of historic 
waste handling practices at APP 44 together with vigorous 
hygrogeological investigations into the environmental conditions 
existing at the plant. As part of those reviews and 
investigations, a groundwater quality assessment and monitoring 
program was established which now consists of 104 on-site and 
off-site groundwater quality monitoring wells. These 
investigations have demonstrated that hazardous wastes from APP 
44 have in fact been released into the groundwater beneath the 
plarr't as a result of pre-1977 waste management and disposal 
operations and that residuals of those wastes have over time 
migrat~d in a northwesterly direction beyond APP 44's northern 
boundary. This plume of contamination from AFP 44, consisting in 
its farthest reaches of trichloroethylene--a once widely used 
industrial solvent or degreaser, now reaches in low 
concentrations to an area slightly north of Los Reales Road in 
Tucson. 

Environmental investigations conducted by the Environmental 
Protection Agency, the Arizona Department of Health Services and 
Department of Water Resources, and the City of Tucson since 1981 
have also confirmed the presence of groundwater contamination in 
the vicinity of the Tucson International Airport and well north 
of APP 44. Those investigations identify--but do not fully 
explore--several known or potential sources of contamination from 
historic and present industrial and aviation related activities 
at or near the airport as well as from old waste disposal and 
landfill operations unrelated to the operations at AFP 44. 

I 
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- Ai r For c e i n v.; s t i g a ti on s i n to the s c:? ope and ext en t of gr o, m dw" t ,., ,. 
contamination beneath its facility at AFP 44 have been conducted 
pursuant to its authority under Section 104 of the Comprehensive 
Environmental Response, Compensation and Liability Act of i980 
and Executive Order 12316. The Air Force manages its 
responsibility and authority for responding to a release or 
potential release of hazardous substances from AFP 44 under the 
provisions of the Installation Restoration Program (IRP), a four
phased effort of problem identification, confirmation, technology 
development, and implementation of remedial measures which is 
consistent with the program requirements of the National 
Contingency Plan. The identification and confirmation phases of 
the IRP have been on-going at the plant since 1981. Recently, 
the Air Force completed and published a Remedial Action Plan 
(RAP) analyzing several alternative cleanup options and proposing 
to initiate a final groundwater remedial measure. Source control 
and contaminant removal activities were conducted earlier. 

Alternatives Evaluation 

The Air Force's investigations identified a zone of perched 
groundwater overlying tJ1e _regional_aquif_e('. system and separat-ed: 
f,.nm ·thi> PPcrionAl ·11-<!nuif,,.,. hv '<!lilv!'I And··othf'r lmoermeable · · 
.... - ...... ···- ·-o,•----- --,----- -J ---.,- ---- ------ ----11:""--~-------

8J 

ma t er i al s • Ch r om i um, t r i ch or o et h y 1 en e ( 'l'CE) , 1 , 1 , 1 
trichloroethane (TCA) and 1, 1 dichloroethylene (DCE), together 
with lesser amounts of other contaminants, are found in the 
perched zone and in the upper zone of the regional aquifer. The 
Air Force goals with regard to its remedial program are to 
prevent to the maximum degree practicable any continued migration 
of these contaminants from Plant 44; to remove and dispose of 
contaminants in an environmentallly sound manner and in the most 
---•- :..,1 __ ..,: .. - --...a •:--'•• _.., ____ ......... ~~•kt a • .a .. rl.a. .. in,. ,,.,...n+1t11miP1atorf 
CO::t~t:111::"Cl.lY.:: ClllU '-IUICJ.Y 1ua.uu..-1 ~u.:,~1u.1.~, 1,,;;;11._.,_., &1115, '-V&&•u.uuu_.__..,. 

groundwater suitable tor beneficial use; and to implement a 
program which meets all applicable and relevant local, state and 
feder·a·l agency requirements, which does not result in unwarranted 
lowering of the water level in the regional aquifer, which does 
not interfere with any other remedial actions conducted in the 
airport vicinity, and which is consistent with the goals of the 
Tucson Active Groundwater Management Area. In furtherance of 
those ambitious goals, the Air Force developed a Remedial Action 
Plan (RAP) assessing the extent of the Air Force Plant 44 caused 
groundwater contamination as identified and analyzed in several 
preceding investigations and reports under the IRP and other 
l'eports and investigations completed by .other interested 
agencies. The RAP proposes a remedy most appropriate under the 
circumstances found and confirmed in these investigations: 
namely, the construction of a reclamation wellfieid to extract 
contaminated groundwater from the regional aquifer, the 
withdrawal and treatment of the· extracted groundwater to remove 
contaminants, and the reinjection of the treated water to the 
regional acquifer. 
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EighteP.n potenti11.l alternittives were identified _in the RAP to 
mitigate or remediate groundwater contamination. Six of these 
alternatives, including the no action alternative, were 
eliminated from consideration early in the analyses presented by 
the RAP for their failure to satisfy the goals established by the 
Air Force for its groundwater remedial progr~Ti. Those 
alternatives eliminated included no action, containment of the 
contaminant plume by the installation of impermeable barriers, 
and four means of disposition consisting of (I) the withdrawal of 
contaminated groundwater and the disposal of the contaminated, 
untreated water i·nto the public sewer system, (2) by deep-well 
injection, (3) by solar evaporation, or (4) in a permitted 
hazardous waste treatment or disposal facility. None of the 
alternatives eliminated provided any long-term confidence that 
public health and the environment wouid be protected and ail 
suffered from the fact that a substantial amount of groundwater 
would be effectively withdrawn from any beneficial use for the 
forseeable future. The remaining 12 alternatives all consisted 
of withdrawal and treatment of contaminated groundwater by 
various means. (A sunmary of the 12 withdrawal and treatment 
alternatives is found at Table 2 of the RAP and is further 
·sunmarized in the att_a.chment.) 

.Additi~na.i' ~r·ite'ria were con's·i·dered in the evaluat'ion of the 
· remaining alternatives for technical and program policy reasons, 

particularly: that extraction at less than 2,000 gallons per 
minute would not effectively reclaim contaminated groundwater, 
that pumping and extraction might necessarily continue over a 20 
year period, and that distribution or use of the treated water 
would need to be consist.e.n..Lyo.lh i;t..ate statutory reg_uirements and 
Hie loca!...~iLQ..Ynd'l{_tl_er management plan, primarily, with respect to 
the)atter, that drawdown or existing groundwater must be 
minimized and further degradation of groundwater quality 
prevented. The only alternative satisfying these criteria is the 
rec~arge of the regional acquifer with treated water: the 
preferred, proposed and approved remedy. Such remedy is cost 
effective and effective in reducing contamination through 
extraction and subsequent replacement of the contaminated 
groundwater with treated water. By all methods of analysis, the 
approved remedy offers the most protection to public health and 
best restores the effected enviromnente Furthermore. the 
approved remedy complies with all relevant and substantive 
environmental standards and is consistent with the National 
Contingency Plan and the Air Force's statutory response 
authority. 

n + h A ,. ii Am• ii i a t R A t . . t . ,.,., ............ _ ... ___ ...,.., ... esponse ... c.1v1 _1es 

As noted previously, the Environmental Protection Agency, the 
Arizona Department of Health Services and Department of Water 
Resources and the City of Tucson--known collectively as the 
Remedial Investigation Team (RIT)--have studied similar problems 
of groundwater contamination in the general vicinity of the 
Tucson International Airport and north of APP 44. The results of 
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th".3e investigations have been ex!.aus~:-:ely :inalyzed by the Air 
Force and its consultants in 1983 and 1984 and again, just 
recently, upon publication of the Tucson Airport Area Remedial 
Investigation Phase I in November 1985. The earlier 
investigations and reports of these interested state and federal 
agencies identified and confirmed the presence of substantial 
sources of groundwater contamination to the National ·Priorities 
List Tucson Airport Area other than and distinguishable from 
groundwater contamination caused by AFP 44. Indeed, in. 1983 the 
agencies concerned concluded that the then avatlable data 
supported a conclusion that the plume of contamination emanating 
from APP 44 terminated south of Los Reales Road. In November 
1984, in an unrebutted report, the Air Force's hydrogeologic 
consultants concluded, on the basis of extensive data gatnering 
and analysis, that the low concentration, forward edge of the AFP 
44 TCE contaminant plwne had recently migrated to a point 
slightly north of Los Reales Road. Since that time the 
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collection of additional data and resultant analysis by the Air • 
Force has confirmed that 1984 assessment. While subsequent 
migration of contaminants in the acquifer system may have 
resulted in low concentrations of contaminants associated w1tn 

waste .disposal activit-ies_- at APP 44 moving- slig-htly _no_rth of the 
plant" towifrds other contaminant plumes,· the Air Force has . · 
concluded that the AFP 44 _plume of contaminat.ion is separate and 
distinct from the wide area of contamination located north and 
substantially downgradient of Los Reales Ro~d as identified in 
the RIT November 1985 report. 

The RIT's most recent report, prepared on behalf of the agencies 
under contract to the Arizona Department of Health Services is 
remarkable only in its technical deficiencies, from data 
coll-ection to technical and scientific analysis. Three of the 
major issues presented in the report and noted for their flaws 
were comnented on in some depth by the Air Force consultants. 
These ~onrnents were provided to the author agency at the close of 
the response period allowed for Air Force peer review. The 
comnents addressed the areas of unsubstantiated conclusions or 
contradictory conclusions (by facts or related conclusions), in 
the inadequacies and inconsistencies in the source investigations 
reported and analyzed in the report, and the inability of 
computer model projections and their resultant conclusions to 
reproduce actual observed conditions or the conclusions or· other 
parts of the report. The underlying assumption of the report, 
driving the investiga~ion apparently to its ill-founded and 
hastily drawn conclusions, is that AFP 44 is the sole source of 
the majority of groundwater contamination observed in the 
vicinity of the Tucson International Airport. In the opinion of 
the Air Force consultant, such assumption and conclusion cannot 
be technicalty supported. 

In order to support the necessary continuing remedial. 
investigation efforis of the Arizona Department of Health 
Services and the other members of the RIT, the Air Force has 
offered assistance to correct the report's deficiencies. Such 
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orrer was tendered to the state in October 1985 in response to 
its corrments on the Air force RAP--recognizing th~ possibility 
for technieal dispute on the Air Force determination respecting 
the extent or contaminant migration from APP 44. That offer was 
again made upon submission of conments to the RIT study, but 
emphasizing that any technical dispute between the Air Force and 
the RIT was in fact nonexistent, until such time, perhaps, as the 
state's fundamental technical and analytical errors were 
corrected. None of the issues presented by the RIT report, 
however, need alter the Air Force comnitment to proceed with the 
implementation of a comprehensive groundwater remedial effort for 
the extent of contamination caused by AFP 44. 

Attachment 
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Discharge to Public 
Sewer System 

AFP 44 Industrial 
Uses 

Asarco Coppe1r Hine 
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Farmers Investment 
Co. Irrigation 

Papago Indian 
Irrigation 
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Irrigation 
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Comrliance With Public Health/_ 
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Cost ($Milllon-19B~ 
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system cannot accept lilflow l1arge enoug_h 
to t.imely remedy contatnination. · 
Inccmsistent 1,;,ith local groundwater · 
manalgement plans. · ' 

Heet:s or exceeids health and environmental 0.3 
standards. Inadequate industrial water 
dema1nd to satt.sfy remedial ac.tion goals. 

Meets or exceeids health and environmental 
standards. Reillablllty of cc1ntinued 
lonn-term use demand to meet remedial 
actllon needs unknown. · 
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marn1gement plans, Long-term use demand 
unk111own; at b1!st seasonal, ncmcontinuous 
use .• 
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inc,onslstent •dth local groundwater 
management pl1ans. Long-term use demand 
unknown; at b,est seasonal, non
continuous us,e • 

Meets or exceeds health standards, but 
inconsistent with local grou111dwater 
management plans. Long·-term use demand 
unk.nown; at best seasonal, m:m
continuous use. Inadequate irrigation 
dellliand to satisfy remedial a,ction goals. 
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Meets or exceeds health atanda1rda, but 
lncona la tent with local ground1ila ter 
management plans. 

Heeta1 or exceeds health standards, but 
lnconisistent with local groundwater 
mana@;ement plans. , 

Heetu or exceedls health and enivirornnent~l 
standards. lnatdequate use demand to 
sati11fy remedial action goals. 

Meet11 or exceeds health and environmental 

standards. 

Meet:& or exceeds healtb. stand~1rds, but 
incoinsistent with local groundwater 
mana:gement plans. 

Meets or exceeds health and 
environmental standards·. Diriect 
recharge allows greater rate ,of ground
water withdraw·al, results in faster 
clea,nup. 
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------- 2223 Av!>~d:, De lo Plovo Suite 300 
Lo Jolio. Coliio•nic 92037 

-

• 

(619) 454-0165 

November 13, 198S 

Mr. Charies H. Aiford 
Environmental and Energy Programs 
Aeronautical Systems o;vtsion 
Wright-Patterson AFB 
Dayton, Ohio 4S433-6S03 

RE: Co11111ents on •Results of the Tucson Airport Area 
Remedial Jnvest1gation Phase J•, prepared by the 
Arizona Department of Health Servjces 

Dear Mr. Alford: 

RECEIVED 

NOV 13 1985 

KARLS, LYTZ 

• 

Pursuant to your request, we have reviewed the final draft report 
entitled •Re~ults of the Tucson Airport Ar~a Remedial Inves~igat.ton Phase· 
19, (Ph~se I R~port), prepared by .the A~1zona Dep~rtment of Health Services . 
(OOHS) and their contractors. Because of the severe time constraints 
imposed on the USAF for submittal of connents, we have only addressed the 
aajor concerns we have with respect to the Phase I Report. These comments 
are necessarily preliminary. There are ■any other factors which need 
to be _discussed regarding the technical adequacy of the data collected, the· 
interpretation and analysis of the data, and its presentation in the draft 
report: 1n order to understand fully the technical shortcomings of the 
Report ·and its conclusions. 

The connents presented below primarily address three broad areas: (1) 
unsubstantiated conclusions or conclusions contradicted by the facts 
presented 1n Volume I of the Phase I Report regarding the extent of 
contamination emanating from AFP 44; (2) inadequacies and inconsistencies of 
the potential source investigation reported and analyzed in Volumes I and 
III of tile Phase I Report; and, (3) the inability of the •scenario two• 
computer aodel projections to reproduce actual observed conditions, and the 
inconsistency between the •scenario one• model projections and the 
conclusions reached in Volume J. 

Phoer.i), ::,f.,ce 

2222 S=.·· D::a:r Ro:c Su,1e 4()1 

Mes:. A•.2:-: c52C2 
(602) j<:5-086: 

T scs:io of ce: 

1735 Eos· Fe,· L:,wel: R::c S.·•• 5 
T Jrn:r .. A1,z-:oc B5719 
1002) 88 l -7300 
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Mr. Charles K. Alford 
November 13, 198S 
Page Z 

HARGIS + ASSOCIATES, INC. 

As you know, the Phase I Report 1nd Volume I in particular, suggest 

that AFP 44 1s the sole source of the majority of the groundwater 
contamination occurring in the vicinity of.the Tucson International Airport 
(TIA). Based on our four years of study 1n this area, ft is 111.Y professional 
opinion that the ADHS Report overestimates the extent of contamination which 
was actually caused by past disposal practices at AFP 44. It is also 11y 

professional opinion that the major conclusions presented 1n the ADHS Phase 

I Report are incorrect, or at best unsubstantiated, and in many cases are 

contradicted by the facts. • 

· A, Ibe Lonai tod1011 Axis· Ibeotx · 

The Volume I - S1111111ary Report prepared by Schmidt suggests that AFP 44 
is the source of the majority of groundwater contamination 1n the TIA, and 
that •the distribution of TCE 1n the upper and undivided aquifers is 
related to subsurface geologic conditions, the present direction of. 
groundwater flow, and the penieability of the coarse-grained deposits• (page 
76). In fact, Volume I hypothesizes that •unique hydrogeologic conditions• 
exist~tn a narrow zone in the upper regional aquifer referred to throughout 
the Phase I Report as the so-called •longitudinal axis• of the plume. The 
Report suggests that the geologic conditions along this so-called 

longitudinal axis alone are responsible for extensive distribution of 
conta.-n1n1nts 1n the upper regional aquifer, and basically d1$misses the 

impact on aquifer conditions of other potential sources located north of AFP 
44. Inspection of the data presented on Plate 9, however, clearly indicates 
that the location and nature of sources north of AFP 44 are important 
f;ctors 1n detennin1n; the distribution of ccnt•~inants 1n the groundwater 
system. The data, tn fact, contradicts the existence of the so-called 
.. ___ ....... ~"-·" __ ,,_ •n-' .... _ .. , .......... J11 
1un~11.uu1n•• -....,~ • 1w 1.11c '-'•••un;w extent cf 

Rea1es Road caused by AFP 44. 

-- - . ....._ .. -. '-"""'~ ... __ .....,........, __ ................ 

.-ftR♦ !11111.f:R!11 ♦ <lftA 
~..,,,.,.aa11111a1,1v11 north cf -l.Ds. 
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HARGIS+ ASSOCIATES, INC. 

For example, Plate 9 presents concentrations of TCE contoured for the 

upper and undivided aquifers based on data collected fr011 monitor wells 

north of AFP 44 during the period September through December 1984. These 

contours are drawn without regard for the location of potential sources 

north of AFP 44 in the Airport area. Notwithstanding the fact that the 

drafters of this Plate were not confident enough in their conclusions to 

draw a 100 parts per billion (ppb) or 50 ppb TCE contour through the 

one-mile wide area lying between the northern boundary of AFP 44 and Los 

Reales Road, the implication of Plate 9 and the clear suggestion of the text 

of the Phase I Report are that these contours should extend to AFP 44. 
. 

However, dat.a presented on Plate 9 indicate that the 100 ppb contour of 

TCE. emanating from AFP 44 does not-~xtend'north of 110nttor ~elf TAS-2. ~nd ', 
that the 100 ppb contour emanating from other potential sources north of the 

plant does not extend south of aon1tor well TAS-5. 

As aoted above, how11v11r, the contours· of TCE concentration presented 

on Plate 9 imply that there is a zone of groundwater containing TCE • 

concentrations greater than !00 ppb that ts 1bout 500 feet wide extending 

from ~~he vicinity of the northern boundary of the plant to just south of 
u~iA .. ,.4 .. D,..,.,4 l.lh41a +ha hv,t .. ,.,.,.,.1,.,.4,. ,.,. .. ,Htinftc: th.at wn11ltf .at"t"ftllftt fn.,. 
l'lll'Cll""I· RUaWe •1 ■■ l'liii -■■ 'lliiii IIJWIV~'-VIV~•._, -v••-••••••• •••-• ---•- -----••• •-• 

this distribut;on of TCE are not presented, the Phase I Report contends that 

the high concentration contours could possibly be extended to AFP 44 based 
on the •unique hydrogeolog1c conditions• in the so-called •1ongitudinal 

throughOllt the one-mile area between the northwest corner of AFP 44 and Los 

Reales load contradict this hypothesis, but the actual geologic data 
collected during the drilling of monitoring wells throughout this area 

tndieate that there are nu •unique liydrogeo1ogic conditions• that might 
result i• the narrow zone of high TCE concentration as depicted on Plate 9. 
T-•---•.1- -~ 11.161..-,--.a- ....... 1--- __ ... , • .,._,.. -11• _, .............. a.A ,e ... ♦ Ii.a !IIW-&~ .fir 
,1.n:.pw:=11.,; I,,.., U I I JI.JIU J V!:f 1 \. ua. ... I rum 111\1111 ""' -.-.;: I I~ '-""~ ... """'"..... 111 ...... •• .... I .J 

1 nstructtve. 
approxiately 

There are, for example, three 110nitoring welis located in 

the ■iddle of this hypothetical zone of high TCE 

I 
I 
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HARGIS+ ASSOCIATES, INC. 

concentration. 1.e .• along the so-called •1ongitudinal axis•: Monitor well 

M-36 1 located just west of the intersection of Los Reales Road and the Old 

Nogales highway. with a concentration of 300 ug/1 TCE; 110nitor well SF-7 

located about 3,000 feet northwest of well M-36, with a concentration of 220 

ug/1 TCE; and 110nitor well VR-S6C located about 1,000 feet north-northwest 

of 110n1tor well SF-7, with a TCE concentration of about 170 ug/1. 

Exa.111inatton of 11tholog1c logs compiled during drilling of these monitor 

wells indicate a typical sequence of alluvial basin deposits consisting of 

an 1nterbedded sequence of sandy clay, clayey sand, clay, gravelly sand, ind 

80 

• 
sandy gravel. This lithology 1s typical of 110st 110nitor1ng wells 

constructed 1n the vicinity of the Tucson airport. and is not remarkably 

.. different from th.e lithology of ott)er 110nitor wells located .outside of the . 
. hypothetical. zone of high TCE co~ceritrat.1o~. . • . . . . 

A subsurface geologic cross-section is presented as D1 .. + .. '2 whf,-~ 
..- I a1,11. ~t WII l\i.11 

extends from Monitoring well M-12 located in the northwest corner of AFP 44 

to 110nitor well SF-6. which is located approximately 4 miles north of AFP 44 

near Irvington Road. Monitor wells M-36, SF-7, and WR-56C are included on· 

this cross-section, as are other iiOnitor wells that are located outsfde of 

the hypothetical narrow zone of high TCE concentrations. lithologic logs 

for monitor wells locaied ouiside the hypotheticai narrow zone of high 

concentrations indicate geology. similar to the three monitoring wells 

located within the zone. For example, monitor well SF-4 is located south of 

110n1tor •11 SF-7 and is outside the area of high TCE concentrations. The 

geologic cross-section presented on Plate 3 indicates that the geologic 

conditions encountered at monitor well SF-4 are similar to conditions 

encountered at 110n1tor well SF-7. L1tho1ogic data presented on Plate 3 

indicate about 16 feet of saturated sand and gravel in monitor well SF-7 and 

about 18 feet of saturated sand and gravel 1n the upper zone of monitor well 

SF-4. 

Monitor well M-36 ts also located in the hypothetical zone of high TCE 

concentration, as ts monitor well TAS-5, located about 1,000 feet south of 

-~~_.,. __ ...:_ ..... _,. 
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110nitor wll M-36 outside of the zone of high TCE concentration. lithologic 
data presented on Plate 3 for these two 110n1tor wells 1nd1 cite s 1m11 ar 
lithologtc conditions were encountered 1n both wells. L1tholog1c data 
presented on Pl ate 3 1nd1 cates about 13 feet of satura_ted sand and gravel 1-n 
monitor well M-36. and about 9 feet of saturated sand and gravel in monitor 
well TAS-5. 

91 

Litho1ogic data from all five of these 110nitor wells indicate similar 
geologic conditions. In addition, lithologic data obtained from other 
110n1tor wells constructed north of AFP 44 and south of Los Real es Road· 
indicate hydrogeo1og1c conditions similar to the three monitor wells located 
in the hypothetical area of high concentration. The lithologic data . 
collected for. ilonitor. w~lls . i'n thi·s . area· do not indi·cate any' u~iq~e . 
hydrogeologic conditions which might rationally· explain a continuous narrow 
zone of high TCE concentrations extending from AFP 44 to the area north of 
Los Reales Road. 

Contours of equa 1 TCE concentration presented on Pl ate 9 are . 
inconsistent with the water quality data presented in the Volume I - Sunmary 
Repor~~ Water quality data from samples collected in 110nitor wells south of 
iiui'iitvr we11 14-36 ;nd north cf the AFP 44 property boundary (an area 
approximately one mile wide) indicate that the concentration of TCE in the 
grOundwater 1s less than SO ug/1 1n the area wes.t cf Old Nogales Highway. 
Water quality data collected in monitor well TAS-S, TAS-4 and TAS-1 indicate 
TCE concentrations of 47, 30, and 43 ug/1 TCE, respectively. These data 
indicate the. the 50 and 100 ug/1 contours of equal TCE concentration drawn 
but not compieted on Piate 9 do not extend south of iionitor well TAS-5. and 
cannot be extended further south to AFP 44. 

Moreover, the measured concentration of other principal contaminants 
other than iCE found in the iIA area are also 1neons1ster.t with the Phase I 
Report's taplications that AFP 44 is a major source of contamination in the 
area north of Los Reales Road. Contours of equal chromium concentration 1n 

f 
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groundwater presented on Phte 8, for ex1111ple, are also inconsistent with 

water quality data presented tn the Volume I-Su11111ary Report. As ts the 

case with TCE, the drafters of Plate 8 have again not drawn the purported 

contours for chromium tn the area between .the northern boundary of AFP 44 

and Los Reales Road. Water quality data from samples collected in 110nitor 

wells located south of well M-36 show that the concentration of chromium tn 

groundwater ts 0.01 119/l or less tn the area west of the Old Nogales 

Highway. These data indicate that the 0.04 119/l contour does not extend 

south of ac,nitor well M-36. Because chromium was not detected tn 110nitor 

well TAS-5 and M-34, the 0.03, 0.02, 0.01 119/l contours of equal chromium• 

concentration depicted on or suggested by Plate 8 cannot be extended south 

·of monitor well TAS-5. 

Additional water quality data partially discussed tn the Volume 1 

S~'tmlary Report provide further clarific1t1on of the distribution ind 
potential sources of contaminants in the groundwater system. For example, 

Table 15 1n the Yclu.,r,e ! - Sutm!ary Report indicates that ch1orofo!"!!! was 

detected at concentrations ranging from 4 to 54 ug/1 in groundwater samples 

collected from 110n1tortng wells located north of Los Reales Road. Data 

presented in Table 15 also indicate that . chloroform was not detected in 

groundwater samples collected from 110nitorfng wells located south of Los 

Reales "RNd- and north of AFP 44. These data indicate that contaminated 

groundwater south of Los Rea1es Road originated from different sources than 

contaminated groundwater north of Los Rea1es Road. 

Similarly, data presented in Table 14 of the Volume I - Su11111ary Report 

indicate that concentrations of i,z-trans-dichioroethyiene (i,2-trans-DCEj 

were detected at concentrations ranging from 2 to 13 ug/1 in groundwater 

samples collected from monitoring wells constructed north of Los Reales 

Road. Data presented 1n Table 14 also ~ndicate that 1,2-trans-dichloro

ethylene was not detected in groundwater samples from 11onitoring wells 

constructed south of Los Reales Road and north of AFP 44. These data also 

indicate that contaminated groundwater south of Los Reales Road originated 

~ 
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from different sources than contaminated groundwater north of Los Reales 

Road. 

In addition, water quality data presented in Table 13 indicate that 

concentrations of 1,1-dichloroethylene (DCE) in water samples collected from 

110nitoring wells constructed north of Los Real es Road ranged from 2 to 

23 ug/1 = Data presented in Table 13 also indicate that concentrations of 

DCE tn groundwater samples collected from 110nitoring wells located south of 

Los Reales Road ranged from 4 to 7 ug/1. These data indicate decreasing 

concentrations of DCE north of the AFP 44 plant boundary and south of Los • 

Reales Read, and increasing concentrations of DCE north of Los Reales Road, 
This data also indicates that contaminated groundwater south of _Los Reales 

. road ·originated from ·dfrfere~i source~· 'than contaminated groundwate~ north , 

of Los Reales Road. 

In sumnary, Volume I of the Phase I Report suggests that AFP 44 

•appears• to be responsible for most of the TCE plume extending from AFP 44 

northward to Irvington Road. The Report associates this widespread -

dist'ribution to •unique hydrogeologie eond1t1ons• 
•1ongi!udlnal axis• of the plume. 

_, ___ ·~- -- __ ,,_~ 
• 1 un~ 1,11c- ~u-1.a 1 111:"' 

This theory of •unique hydrogeologic conditions• ts not supported by 

the data collected in the area. First, there is no geologic data to support 

the hypottiesfs that •unique hydrogeologic conditions• account for high 

concentrations 1n I narrow zone extend;ng from AFP 44 into the area north of 

Los Reales Road. L1tholog1c logs for wells drilled throughout the TIA area 

do not indicate the existence of such I zone. In fact, Piates 8 and i of 

the Volua 1 Report acknowledges this by indicating that the narrow zone or 

•longitudinal axis• is located between monitor wells TAS-4 and M-34. 

Attempting to prove the theory through implications based on an acknowledged 

lack of data to substantiate the hypothesis 1s a very questionable fonn of 

analysis. 
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More important, however, is the fact that lithologic logs for the wells 
which the Phase I Report acknowledge 1s being constructed along the 
•1ongitudinal axts• in fact contradict the hypothesis. For example, wells 
VR-S6C, Sf-7, and M-36 are depicted as being squarely within the narrow zone 
of high concentration for TCE and chromium on Plates 8 and 9. The 
ltthologtc logs for these wells, however, are not substantially different 
from the lithologic logs for 110n1tor wells which are located at varying 
distances east and west of the so-called •longitudinal axis.• The 
similarity of 11thologies encountered tn wells claimed to be on the 
•longitudinal axis• and those claimed not to be on the •1ongitudinal axis•• 
indicates that the distribution and concentration of TCE in the upper 

aquifer cannot, 1s the Phase I Report suggests, be. explatned_o~ the basis of 
•.un,que h,ydrogeologic: conditions•· a~d a ·single s~urce area at AFP 44. · 

Second, the purported narrow zone of high concentrations- indicated by 
tsoconcentration contours drawn on Plates 8 and 9 for chromium and TCE are 
not consistent with the concentrations actually measured in monitor wells. 
It is also worth noting that the tsoconcentration contours on Plates 8 and 9. 

are-not even drawn tn the one-mile area south of Los Reales Road and north 

of AFP 44. 

The water quaiity data obtained from the ■o·n1tor wells tn the one-mile 
area south of Los Reales Road and north of AFP 44 would contradict the 

extension of the isoconcentration co"tours from the area north of Los Reales 
Road southward to AFP 44. The measured concentrations of TCE and chromium 
obtained from wells located south of Los Reales Road simply do not support 
the conclusion that AFP 44 is the predominant source of groundwater 
contamination in the area north of Los Reales Road. 

___,,,· 
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e. 1nyestiaat1on of Potential sources 

As discussed above, the Phase I Report's conclusion that AFP 44 is the 

predominant source of groundwater contuinat1on north of Los Reales Road is 

based on an interpretation that is either unsupported or contradicted by the 

facts. TIie other major problems with this conclusion are: (1) the analysis 

presented tn Volume I disregards the conclusions contained in the Volume III 

source investigation report with respect to sources located north of AFP 44, 

~nd (Z) the actual investigation of other sources north of AFP 44 appears 

to be inadequate, and the analysis of the data is suspect. 

1. Volume I AnaJysis: 
. · - · · Schmidt's evaluation: of other sources · north.· ~f AFP 44 

dismisses important sources of groundwater contamination. Several 

examples illustrate this point. 

a. TAA Landfill: In Volume III, Rupe reports that TCE was used 
by Grand Central Aircraft Company, which occupied the TAA hangars 

f--- '1Gcu--1·cc.t. "--'•a-e1,._e_ 9 p,P ··-- ... _____ .. -6' ·- ... _ TAA I __ .,&.z,, 
, - #., #.,.., • 11,,c. was u1spus11:a ur 1n 1,noi: '"" 1.amu 11, 

(located north of AFP 44, but south of Los Reales Road on TAA 

property) •which ■ay have received as ■uch as 2,400 gallons of TCE 

per year according to a reliable witness.• Based on the esti~ates 

of the •reliable witness•, 4,800 to 9,600 gaiions of TCE may have 

been disposed of tn the TAA Landfill by Grand Central Aircraft 
from 1950-1954. Analytic results for soil samples taken at 60 to 

90 foot depths indicated trace le~els_of TCE in deep soils beneath 

the landfill. Rampe concluded that the TAA · landfnl should be 

ccms:tdered I source of groundwater contamination. 

Both Rampe and Schmidt, however, attempt to discount the TAA 
landfill as a source of TCE contuination. While acknowledging 

that ·the absence of TCE from shallow sons tn the landfill could 

s.tmp.ly reflect the fact that TCE disposed of 31 years ago would 

---------.:---~ --- -- .. 
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have already ■igrated through shallow soils, Schmidt concludes 
that the traces of TCE at depth in soils do not prov;de 
unequivocal evidence of the TAA's having been I source of TCE 
contamination to groundwater. Alternatively, Rllllpe suggests that 
the TCE data could indicate that these soils could have come into 
contact with groundwater contaminated by TCE from another source 
upgradient. 

Schmidt concludes that the absence of TCE from monitor well 
M-34 tn 1984 which is located innedhtely downgrad1ent of the • 
landfill, casts substantial doubt upon the TAA Landfill as having 
been an important source -of groundwater contamination~ . 

· •[E)x~erience. wftll ·other ·· sources · fn similar hydrogeologic· . 
settings,• apparently confirm this conclusion. 

Rampe's alternative theory to explain the presence of TCE in 
deep soils beneath the TAA landfill is interesting, but 1s 
certainly I remote possibility in light of the fact that there are 
no recorded historic water levels which would explain the presence 
of TCE at a depth of 60 feet. Schmidt's reliance on M-34 to •cast 
euh.,+,. .. +f,.1 dftuht• nn f'ho lu1tff'ill a!: a ~ion;f'i~ant ~r!Ul"'~e rif TCF .~..,~--··-·-· ------ -·· -··- ·-··-· ... -- - - •;, ...... ------ ---- -- _., ·---
contamination 1s questionable. Water qualtty data collected in a 

110nitor well adjacent to a source that was active 31 years ago may 
not conclusively demonstrate that the landfill was·not a source of 
contamination. Data from wells downgradient of the pot~ntial 
source should also be considered. 

Wells M-36 and TAS-5, for example, are located downgradient 
of the iAA Landfill. ihese wells contained high concentrations of 
TCE in December 1984 - 300 ppb and 47 ppb, respectively. Instead 
of assessing the relevance of these concentrations with respect to 
the TAA Landfill, the Phase I Report attempts to associate these 
contaminant levels wi-th AFP 44, based on the hypothet 1ca1 

~ , .. 
..:__ t ' 
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•1ongftudfnal uts• theory. In short, this Phase I Report 
attempts to explain away data concerning the TAA landfill in order 
to advance an unsupported alternate theory of contaminant origin 
and ■1gration. 

b. IM Hangars: In the Volume lll evaluation of potential 
sources, Rampe concludes that the hangar area is a possible source 
of groundwater contamination. This conclusion is based on 
documentation of TCE and chromium use 1n section 3007 responses, 
from eyewitness accounts of-solvent use and disposal, and from the• 
detectfon of TCE, DCE and chromium in soil samples. Data from 
soil samples . collected by ADHS near the Tucson Airport hangar 
areas are presented in-·Ta!)le.4 of" the.Volume IiI'report. Soil 
boring No. 2 111as drilled wst of Old Nogales Highway along the 
historic 111astewater flow path from the hangar area. Trace 
concentrations of TCE, 16ug/l of OCE, and 10 1119/1 of chromium 
ftre detected 1n soils from this borehole. Despite these 
concentrations, deeper soil samples were not collected and a 
110nitor well was not constructed at this location. Similarly, 
soil boring No. 3 was drilled just northwest of the hangar area at 
the entrance tc the industrial center. Soil ~ampl~~ -fr0111 thi~ 

boring contained 5 ug/l TCE, 281 ug/1 DCE, and 142 mg/1 chromium. 
,.._ ___ •-- •i.- 1.~ .. 1. .... + .............. ,.+4o"~ nf nrs:- anti r-hromilnn @v~r 1nt::ac a11: •nc 111~111.a1, ""v"~~ .. ..,, • .,,, ...... -• -•- -·•- ...... _ .... _ ... -~-· 

detected in son samples taken anywhere fn the entire airport 
area, fncludfng AFP 44. Nevertheless, soil samples were not 
collected from depths greater than 20 feet, and a monitor well was 
aot constructed at this•location. 

-~--~..&.- .a.L- ~ ... ~- ____ ,, __ .__.,. ~--- •1..- .,..,..,.,, ... LJ ,....,,,11,. fi• ♦ hara UeSplt.e t.ne Qill.il l;UI 11:1.1.1:U rn1111 1,110: •11a1 IVW •vr 1.0 "' ,..,.__.._ 

areas which strongly suggests the need for further investigation, 
loiume i of the Phase 1 Report dismisses the hangars as a 
potential source of TCE contamination based on the fact that 
•dtsposal of TCE in the TAA Hangar areas has not been documented, 

I 
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and no significant TCE was found to the northwest 1t the WR-54 
set of 110nitor wells.• Although the source investtgatton may not 
have documented TCE disposal, TCE is certainly present in soils in 
this area. Data from the WR-54 wells alone are not sufficient to 
dismiss this area as a TCE source for the same reasons discussed 
tn the above section on the TAA Landfill·. 

98 

The conclusion 1n the Volume I - Sunmary Report that TCE 
concentrations in groundwater from the TAA hangar area source 
appear to be less than 50 ppb has no basis in the data presented 
tn Volume I or in Volume III. Rampe describes historical 
operations at the TAA hangar area including careless wastewater 

· · handling practices· and accounts· of run off· from the. hangar area, 
crossing the Old Nogales Highway through culverts, and emptying 
into 1n open wash adjacent to a residential area. lawsuits were 
filed due to the pollution of domestic wells from the run off. 
Based on the location of drainages both north and south of the 
hangar area, and groundwater flowpaths from these drainages, high_ 
TCE concentrations measured north of Los Real es Road may have 
originated from the hangar area sources. 

c. Fire Drill Areas: Data collected at three fire-drill 
area were evaluated by Rampe.. Volume 

III concludes that the da"ta indicate that the fire-drill training 
area near the runway in Section _ 19 does not appear to be a 
significant source of TCE to the groundwater. Soil borings 

_.. __ _.••_..a L__ Aft.Ill'" ---- •L.- ~.:.-- .. _ .. , 1 ♦-.. .c • .a... •-A~ ••u•+h "~ ♦ lila ar, I I ea DJ """~ ne«r 1.nc: J I n1::•ur I I I "' ■ '" 1111:f ., ,:;a. a.vu... v • ...... 

runway in Section 19 indicated trace concentrations of TCE, DCE 
and 8.2 1119/l of chromium. Subsequent shallow soil borings drilled 
1n the area by ADHS detected no TCE or DCE. Monitor we11 TAS-3, 
however, ;s iocated approximateiy 1,500 feet west ind doiffigradient 
of the former fire-drill training area in Section 19, and 

· groundwater sampies coiiected from this · we11 indicate 
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concentrations of 93 ug/1 TCE. TCE detected 1n monitor well 
TAS-3 11ay have originated from disposal activity at the fonner 
fire-drill training area, from run off leaving the area, or from 
other activities 1n the area. ln any event. the nature of this 
potential source has not been thoroughly evaluated and cannot be 
disregarded. 

A son boring drilled by ADHS tn the area of the current 
fire-drill training area in Section 20 indicated 721 ug/1 TCE and 
155 ug/1 of DCE. This data ts presented in Table 5 in the Volume 

. concentrations of TCE measured 1n a son sample. 1n the airp~rt 
area~ Rampe states, however, that. • ••• the fire pits near runway,( 
29 are probably located too far east to contribute contaminants 
to the main plume,• and attributes this conclusion- to Schmidt. 
Schmidt's conclusion is based on the observation that the current 
fire-driii training area ;s located about 10,500 feet east ;;ta 
groundwater flow paths from the •main plume.• Nevertheless, Rampe. 
states that • ••• the extent of groundwater contamination, if any, 
emanating from the fire-drill areas near runway 29 is unknown, due 
to the lack of wells 1n the innediate vicinity. 11 Obviously, a 
potential source cannot be discounted. because there is no 
groundwater quality data in the area. Similarly, Schmidt 
concludes that • ••• hydrogeologic conditions in the 
vicinity ••• • indicate that • ••• pollutants from this facility would 
not be expected to have reached the Old Nogales Highway.• Schmidt 
then concludes that the fire-drill training area is therefore not 
a source of TCE pollution in the main plume. If there are no 
110nitor wells in the area, and if no water quality data has been 
collected. then one must question the author's knowledge.·of 
•hydrogeologtc conditions in the vicinity• of the fire~rtll 
... - -· -- •---..-- - __ __,..._ --- - -

· groundwater samples collected from this · well indicate 
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2. Investigation of other sources: 

100 

Tha #sr+ +h,.+ ♦ ha rftftr1wdt\ftC ftP1Dc111n ♦ 111ti 4n tho V_ft_l,1_1111,.~ l.l.l •• flt5 ··""" llltla" lllll'lii ......... •--••••- ,.., _ _,,..,,.,_.,__ 11 ■ •••• -

Source Evaluation are not adequately discussed in the Volume I -
Sunnary Report ts compounded by __ the apparent inadequacy of the 
source investigation itself. Potenthl sources are eHminated 
L ...I -.- .-.-..1, ~•--,- •-•1u•-• ~--- --- .,-..&'1 li..A ,I ~ UiSea Un liUII ~lllll.,lt: •n•t.Jlllllllll lfUUI Ullt: l!IUII wur1i1!j, ri'Oiii 

walk-through and drive-by •1nspections• conducted in the early 
i980's, from the iaek of witnesses to dhpou1 1etivit1es, and 
from inappropriate analyses of existing data. Standing and 
running water observed in historical aerial photographs is
considered indicative of a potential source in some cases, but not 
Jn others. 

·interestingly enough, Rampe states on page 14 of Volume III that:

•The 1bsenc~ of contaminants in such media (shallow 
sons and perched groundwater] does not con cl us tvely 
indicate that disposal did not occur, however, since 
chemicals can be flushed away or degrade over the long 
periods of time considered in this study.• 

He then contradicts his own statement by dismissing drainage 
channels north of the hangar 1rea as potential sources of 
contamination based on analyses of shallow soil samples. These 
drainage channels from Gates Learjet and the Runway 3 area are not 
considered further based on results of analyses of soil samples 
from one son· boring. The old fire-drill area now covered by a 
Gates Learjet parking lot is also dismissed as a potential 
source based on analyses of soil samples. Several examples w;11 
further illustrate IIIY concerns. 

A waste disposal area near the end of Runway 3 could not be 
located by ADHS from available aerial photograi,hs, yet this 
potential" source was eliminated from further consideration based 

• 
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on the lack of volatile organic contaminants in • ••• shallow soil 
samples from the area.• If the location of the site was not 
known. how could the results of analyses of son samples be 

Gates Learjet, Inc. has operated a faci Hty south of Los 
Reales Road and north of AFP 44 from 1976 to the present. 
Activities have included airplane assembly. instrument 
assembly. and aircraft surface preparation and painting. 
fac:iiity was dismissed as a potential source based 
walk-through inspection of the facility by EPA in 1983. 
resuiis of this inspection characterized this as an 'extremely 

. clean•· facility> No· improper waste disposal practices ·we~e-. 
docuniented ••• The inspection team reco11111ended that no further. 
investigation be conducted at the facility.• No documentation was 
presented regarding waste handling and disposal practices between 
1978 and 1983. 

panel 
This 

Oii - . • 
•The 

The Volume 111 - Source Investigation analysis relies heavily 
on the interpretation of aerial photographs. Standing and runn;ng 
water observed in aerial photographs is used to indicate a 
potential source of contamination in the case of AFP 44, but not 
in the cases of Consolidated Aircraft Company or Douglas Aircraft 
Company during their occupancy of the TAA hangars. 

Rampe states that aerial photographs provided considerable 
insight into the relative quantities of wastewater disposed •as 
judged from phreatophyte growth.• The validity of this judgment 
ts questionable. How does one separate the phreatophytic growth 
in natural drainages due to rainfall and run off from the 
phreatophytic growth due to wastewater runoff? The criteria used 
1n this exercise are not presented. 

I 
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West-Cap Arizona 1s an electronics ■anufacturing firm which 
has been located near the corner of Plumer Avenue and Elvira Road 
since 1963. The firm estimated annual TCE use at 2,000 gallons 
annually in 1980 and 1981. Rampe concludes that • .•• tt appears 
likely that TCE has been used at West-Cap since 1963. • A noor 
drain 1n a building at the southwestern corner of the facility 
received unknown quantities of waste TCE. The eventua 1 out fa 11 of 
this drain was not determined by the ADHS investigation. Rampe 
concludes that West-Cap 1s a possible source of TCE to the 
groundwater, and that ■ore monitor wells are needed to assess the• 
groundwater quality in the area. 

: The. Burr-Brown. facHity has beeri 'located about 1,000 feet 
north· of the West-Cap facility since 1965. Rampe reports the 
potential for disposal of hazardous ■aterials, including TCE, down 
an abandoned well prior to 1976. Rampe concludes that Burr-Brown 
should be considered a highly probable source of •10cal • 
groundwater contamination. No data 1s presented for the 
ccnclusicn that the potential disposal of TCE down a we11bore from 
1965 to 1976 would constitute a source of • •• local groundwater 
contamination in 1984.• There ts no data to support a conclusion 
of •10ca1• groundwater contamination. 

The net result of the source investigation is that a number 
of significant sources north of AFP 44 are discounted on the basis 
of specious logic or inadequate investigations. On the other 
hand, the contributions of AFP 44 sources to groundwater 
contamination appear to be grossly overstated, if not inaccurately 
reported. 

in that regard, I iiii particularly concerned by the 
conclusions that the northwest corner of AFP 44 is described as a 
significant source of TCE contamination based on the purported TCE 

I 



• 

-

• Mr. Charles H. Alford 
November 13, 1985 
Page 11 

HARGIS+ ASSOCIATES. INC 

concentrations 1n historic industrial wastewater discharges from 

the Plant. I am unaware of any evidence which . supports this 

contention, and strongly rec011111end review of this issue with 

reference to the JRB Phase I IRP report. 

c. Computer Modeling 

A two dta1ensional digital groundwater flow model coupled with a 

contaminant transport 110del was used to simulate conditions in the upper • 

aquifer. These studies were conducted by the Arizona Department of Water 

Resources, and are presented in a separate. report entitled •contaminant 

· Transport Modeling.• · · · 

Two scenarios were simulated. The first scenario assua1ed that TCE tn 

groundwater north of Los Reales Road originated from the TAA Hangar area. 

The total volu. of TCE in the plume north of Los Reales Road was calculated 

using March 1984 TCE concentrations. Schmidt's analysis of the 110deling 

results for the first scenario conclude that the modeled TCE concentrations 

agreed closely with observed concentrations at AfP 44, but deviate from 

observed cncentrations by· 11ore than • ••• an order of magnitude in the area 

1amediately downgradient ••• of the facility.• Schmidt does not discuss 

possible reasons for th1s variation from observed values tn the downgradient 

area, the aost probable of which could be the fact thai all of the TCE 1n 

groundwater south· of Los Reales Road does not originate from AFP 44. 

Potential source areas ignored in the 110deling study include the TAA 

landfill located about 1/2 ■ile south of Los Reales Road on Old Nogales 

Highway, and the fire-drill trat'ntng areas and washes along the runways east 

of Old Nogales Highway and north of AFP 44. If these sources are 

considered, then results of 110deling fn scenario one suggest that the one 

ppb isocentrat1on contour for TCE originating from AFP 44 ts located several 

hundred feet south of Los Reales Road as of September 1984. ·the anomalous 

concentntions of TCE in groundwater south of Los Reales Road and north of 

1 OJ 
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AFP 44 are probably the result of other contaminant sources. This factor 

is not discussed in the Schmidt report. Inspection of the scenario one 

110deling results presented in Figure 28 of the ADWR Report indicates good 

agreement between measured and simulated · TCE concentrations at AFP 44 

extending northward toward Los Reales Road. Anomalous measured 

concentrations of TCE measured in 110nitor wells TAS-5 and M-36 are both 

downgradient of other potential sources in the Airport area. If a portion 

of the TCE tn groundwater south of Los Reales Road originates from other 

sources such as the TAA landfill, then simulation of the plume downgradient 

of AFP 44 ■ight indicate much better agreement with measured TcE· 

concentrations in groundwater extending northwal"d from the area of monitor 

well TAS-5. Introduction of contaminants into the groundwater system f~om 
. these other sources ~as not ·attempted in the model fog studie~. . 

The second scenario in the 110deling effort assumed wastewater recharge 

to the aquifer system in the northwest corner of AFP 44, and elimination of 

the TAA hangar 1rea as a source. This 1s contrary to the conclusions 

reached by Rampe in the Volume III Report of source evaluations, and . 

contrary to Schmidt's mm conclusion as to the existence of other sources in 

the A!rport area. In the second modeling scenario, the TCE in the plume· 

north bf Los Rea1es Read was assumed to enter the groundwater uniformly with 
this additional recharge. This ts not a realistic assumption. Although no 

documentation is available on the volume of TCE used with time either at AFP 

44 or in tile TAA hangar area, tt 1s 110st improbable that TCE 1n wastewater 

was discbarged to the land surface 1t a uniform rate. Comparison of the 

results of the second scenario with results of the first scenar;o indicate 

that TCE tn groundwater north of Los Reales Road did not originate from 

wastewater infiltrating into the aquifer system at the northwest corner of 

AFP 44. Concentrat;ons as great as ii ug/1 TC£ •r, 1oeated north af the l 
ug/1 1socentrat1on contour. In addition, measured concentrations ranging 

from 43 to 80 ugjl i'CE ii e ; n the area between the i and Hi ug/i 

tsocentratfon contours. Furthermore, the 270 ug/1 TCE measured in 110n1tor 

well M-36, located just south of Los Reales Road and east of the Old Nogales 

I 
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Highway, lies between the 10 and 100 ug/1 hocentration contour. Results 

of the second scenario simuiation also indicate that the 100 ug/i 

1socentration contour emanating from AFP 44 does not extend west of the Old 

Nogales Highway. 

It 1s clear from the results of the two modeling scenarios that the 

introduction of additional contaminant sources in the TAA hangar area are 

required in order to produce TCE concentrations 1n the groundwater north of 

Los Reales Road that reasonably simulate the observed concentrations. 

Although little is known about volumes or rates of disposal, there is • 

adequate information about location of potential sources to provide a 

framework for modeling. There 1s also a range of reasonable volumes of 

· iiaterial- dispos~d that· has not. been considered in the analysis· of the 

modeling results. Results of the aodeltng indicate that the observed 

concentrations and distribution of TCE 1n the groundwater north of Los 
Reales Road . are not consistent with the theory of a single source at 

AFP 44. The 110deling results demonstrate that additional sources are 

required north of AFP 44 to reasonably simulate the observed concentration 

and dhtribution of TCE in groundwater north of AFP 44. 

D. sunnary 

As discussed above, there are very significant questions about the 

technical basis and adequacy of the Phase I Investigation and Report. Not 

111 issues are discussed here because of the time constraints imposed and 

these ca.nents are far less thin the page by page review which is clearly 

warranted. In overview, the Phase I effort does not alter any of our prior 

conclusions with respect to the extent of contaminant migration from AFP 44 . 
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I strongly recoanend that a aeeting with the Phase I Report staff be 

held 1n order to discuss completely all of our concerns about the accuracy 

and adequacy of this investigation and analysis. 

Sincerely, 

HARGIS+ ASSOCIATES, INC. 

~~! R .. ~ 
Dr. David R. Hargis . 

Jor ~, 
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I. INTRODUCTION 

United States Air Force Plant No. 44 ("AFP 44") is 

a U.S. government-owned, contractor-operated defense systems 

manufacturing facility located in Tucson, Arizona, in the 

general vicinity of the Tucson International Airport 

("TIA"). AFP 44 is operated for the United States Air Force 

("USAF") by the Hughes Aircraft Company ("Hughes"), and has 

been producing defense systems for the United States Armed 

Forces since 1951. 

In response to a concern that industrial activ

ities may have degraded groundwater quality in the vicinity 

of the TIA, EPA conducted a preliminary investigation of 

.groundwater conditions in early 1981 which indicated the 

presence of contaminants in groundwater beneath the facil

ity. In light of this discovery, the USAF and Hughes initi

ated an extensive review of historic waste handling 

practices and environmental investigations at AFP 44 in 1981 

to determine whether contamination may have been caused by 

hazardous waste handling practices employed at the facility. 

Since 1981, several major investigations of soil 

and groundwater conditions have been completed. A ground

water quality monitoring program was also initiated in 1981 

which has been on-going since then. That program is now 

comprised of 103 on-site and off-site groundwater quality 

1 
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monitoring wells which have been sampled and analyzed regu= 

larly during the past four years. Also, a number of analyt

ic studies have been performed to identify feasible methods 

of remediating groundwater contamination, including the 

field testing of a pilot groundwater reclamation project at 

AFP 44. 

The prior investigations, the results of which are 

summarized in subsequent sections of this document and pre

sented in detail in separate supporting documentation, dem

onstrate.that hazardous waste handling practices employed at 

AFP 44 prior to the commencement of operations at the facil

ity's present zero-discharge industrial wastewater treatment 

plant ("IWWTP") in 1977 resulted in groundwater contam

ination beneath the facility, notwithstanding the fact that 

these pre-1977 practices had been coordinated with various 

environmental agencies and were regarded as the best 

accepted practices of their day. Over time, this contam-

ination has migrated (primarily in the upper zone of the 

regional aquifer) in a northwesterly direction beyond the 

facility's n.orthern boundary. The "plume" of contaminated 

groundwater emanating from AFP 44 is believed to terminate 

in the vicinity of Los Reales Road. The investigations and 

other continuing monitoring programs performed as part of 

the IWWTP operations have also demonstrated that operations 

2 
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at the facility since 1977 have not caused or contributed to 

groundwater contamination beneath AFP 44. 

In light of this evidence, appropriate remedial 

alternatives need to be evaluated for possible implementa

tion at and in the vicinity of AFP 44 to mitigate that 

groundwater contamination which was caused by pre-1977 waste 

handling practices. Under Section 104 of the Comprehensive 

Environmental Response, Compensation and Liability Act of 

1980, 42 U.S.C. § 9604, the President is authorized to 

respond to such releases of hazardous wastes into the envi-

for conducting remedial investigations and for identifying 

and implementing responses to releases from Department of 

Defense (DOD) facilities to the DOD (Executive Order 12316). 

DOD facilities include government-owned, contractor-operated 

facilities such as AFP 44. (Memorandum Of Understanding 

Between The Department of Defense And The Environmental Pro

tection Agency For The Implementation Of P. L. 96-510 

(CERCLA), August 12, 1983). 

Pursuant to these laws, delegations and agree

ments, the USAF's authority and responsibility for response 

action is limited to releases from AFP 44, and does not 

extend to contamination not caused by AFP 44. In recogni

tion of this limitation, and based upon the evidence that 

3 
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the extent of AFP 44 contamination terminated in the vicini-

ty of Los Reales Road, it was decided in 1983 by all rele

vant agencies that investigations of groundwater 

contamination north of Los Reales Road would be conducted 

under the auspices of EPA Region IX which has the delegated 

authority for responding to releases of hazardous substances 

in that area. 

Accordingly, this draft RAP summarizes the results 

of prior investigations and studies, and analyzes remedial 

alternatives that may be appropriate for responding to envi-

rnnmi:>nt-:il rnnrlit-inn<: <:n11t-h nf T.n<: Reales 'Rn:irl knnwn to have 

been caused by past operations at AFP 44. The purpose of 

this analysis is to ensure that any remedial action imple-

mented at AFP 44 provides for a timely and cost-effective 

program which is consistent with a permanent remedy to miti

gate the migration of hazardous wastes into the environment 

caused by pre-1977 handling practices at AFP 44, and which 

otherwise complies with the requirements of the Comprehen

sive Environmental Response, Compensation and Liability Act 

of 1980, 42 U.S.C. § 9601 et seq., Executive Orders 12088 

and 12316, the National Contingency Plan, 40 C.F.R. Part 300 

("NCP"), the National Environmental Policy Act, 42 U.S.C. 

§ 4321 et~-, and, to the maximum degree possible, the 

substantive standards of other relevant federal, state or 

4 
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local environmental laws and regulations. The draft RAP 

will be finalized subsequent to the receipt of public com

ments which will be summarized, responded to and made part 

of the final RAP. 

The USAF wishes at the outset to recognize the 

valuable assistance of the many agencies which have aided in 

the development of this analysis. In particular, we 

acknowledge the contribution of the members of the AFP 44 

Technical Review Committee ("TRC") - consisting of the 

Arizona Department of Health Services ("ADHS"), the Arizona 

Department cf Water Resources ("ADWR"), the City of Tucson 

and EPA, Region IX - whose advice and comment on earlier 

drafts of this remedial alternatives analysis have signif

icantly aided in the identification of the proposed remedial 

alternative for AFP 44. Notwithstanding that assistance, 

however, the conclusions contained herein are solely those 

of the USAF. 

5 
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II. SUMMARY OF PRIOR INVESTIGATIVE EFFORTS, ANALYSES AND 

STUDIES 

1.18 

The United States Environmental Protection Agency, 

Region IX, commenced a preliminary investigation of environ

mental conditions at AFP 44 in 1981. The EPA gathered 

information concerning historic waste handling practices at 

the facility, and conducted a site visit on March 5, 1981. 

A limited number of water samples were taken from existing 

on-site wells, analyses of which indicated the presence of 

trichlorqethylene ("TCE"), 1,1,1-trichloroethane ("TCA"), 

1,1-dichloroethylene ("DCE") and chromium in groundwater 

beneath AFP 44, together with lesser amounts of other con

taminants. 

A Phase I investigation of environmental condi

tions at AFP 44 was commenced in early 1981 (Hargis & 

Montgomery, 1982) which included extensive research on past 

waste handling practices at the facility, soil sample ana

lyses in former waste disposal areas, and the construction 

of monitoring wells to determine ambient groundwater quali

ty. The results of the Phase I investigation indicated the 

presence of contaminants in groundwater that could be asso

ciated with past waste handling practice at the facility, 

and recommended further investigations to define more com

pletely the nature and extent of the groundwater contam-

6 
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ination. Consequently, a more expansive Phase II 

investigation of hydrogeologic conditions was performed. 

JJj 

These two investigative programs included the 

installation of 59 groundwater monitoring wells located in a 

zone of perched water which is present beneath a portion of 

AFP 44, and in the upper and lower zones of the regional 

aquifer. Additional wells were constructed as part of a 

continued groundwater monitoring program at and in the 

vicinity of AFP 44. The entire groundwater monitoring sys

tem pres~ntly consists of 103 groundwater monitoring wells. 

The purpose of the continuing monitoring program was to sup-

plement and expand the data base gathered during the Phase I 

and II investigations to provide detailed information for 

use in the identification and design of actions to remedy 

groundwater quality degradation caused by past waste handl

ing practices at AFP 44. 

In addition to the extensive groundwater field 

investigations, appropriate response measures were performed 

at several historical disposal sites at the facility which 

had been identified as potential sources of the observed 

groundwater contamination. (All potential sources at AFP 44 

are described in detail in Installation Restoration Program, 

Phase I - Records Search, Air Force Plant 44, Tucson, 

Arizona (Science Applications International Corp., 1985)). 

7 
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For example, pre-1977 wastewater ponds and sludge drying 

beds were excavated, backfilled with clean fill and capped 

with caliche. It is probable that none of the historic dis-

posal areas continue to be active sources of groundwater 

contamination. Also, certain on-site wells which provided 

the potential for cross-contamination from the upper to the 

lower zone of the regional aquifer were cemented and sealed. 

Interim Emergency Measures, Cementing of Wells HAC-1, HAC-2 

and HAC-4 1 U.S. Air Force Plant No. 44 (Hargis & Montgomery, 

Inc., May 25, 1983). 

In addition to the actual field investigations 

performed at and in the vicinity of AFP 44 during the past 

four years, the USAF developed a digital computer model to 

simulate contaminant transport and groundwater flow in the 

regional aquifer. This model has been used to assist in the 

location of groundwater monitor wells and as a secondary 

analytic tool for defining the nature and extent of ground-

water contamination emanating from AFP 44. Details of this 

effort are described in Digital Simulation of Contaminant 

Tr~n~pnrr in thP RPgional ,Aquifer System; U.S. Air Force 

Plant No. 44, Tucson, Arizona (Hargis & Montgomery, Inc., 

October 11, 1982). 

The results of these investigations, the continu

ing groundwater monitoring program and computer modeling 

8 
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efforts are fully presented in' the Phase I Investigation of 

Subsurface Conditions in the Vicinity of Abandoned Waste 

Disposal Sites, Hughes Aircraft Company Manufacturing Facil

~ Tucson, Arizona (Hargis & Montgomery, Inc., January 15, 

1982), the Phase II Investigation of Subsurface Conditions 

in the Vicinity of Abandoned Waste Disposal Sites, Hughes 

Aircraft Company Manufacturing Facility, Tucson, Arizona 

(Hargis & Montgomery, Inc., March 12, 1982) (see Appendices 

2 and 3), Summary of 1982 Hydrologic Monitoring Program, 

U.S. Air ,Force Plant No. 44 1 Tucson, Arizona (Hargis & 

Montgomery, Inc., July 15, 1983), Summary of 1983 Hydrologic 

Monitoring Program, U.S. Air Force Plant No. 44, Tucson, 

Arizona (Hargis & Montgomery, Inc., March 14, 1984), Summary 

of 1984 Hy~~nlngir Mnni~nring Program, U.S. Air Force Plant 

No. 44, Tucson Arizona (Hargis & Associates, Inc., May 31, 

1985), Digital Simulation of Contaminant Transport in the 

Regional Aquifer System, U.S. Air Force Plant No~ 44 7 

Tucson, Arizona (Hargis & Montgomery, Inc., October 11, 

1982) and Installation Restoration Program, Phase I -

n ____ -1,., C' ...... ,..-~1-.. A.:- "C' ..... -,.....,. t>1~n+-- 6.1.... 'T"11r'C:'nn 0
.1\_rizona 

t\.t:::CUI.U~ ~t::d.J.\,,;ll! l"\..L.L l"U.L.\.,.C .&. ..1.a ,...,_ ""T...,.-) .._...,._.._...,.,., __ (C:.riPnrP 

Applications International Corp., 1985) (all incorporated by 

reference). 

As noted above, the USAF efforts at AFP 44 have 

been paralleled by a coordinated investigative program con-

9 
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ducted by ADHS, ADWR, EPA, and the City of Tucson into 

groundwater contamination and sources north of AFP 44. (The 

TIA area has long been regarded as a vicinity which warrants 

a highly prioritized remedial investigation, and is included 

on the "Superfund" National Priorities List.) All data, 

information, analyses and reports developed by the USAF have 

been provided to the Superfund Field Investigation Team 

("FIT"), and the data collected by the FIT through 1983 have 

been provided to the USAF. 

The USAF analyzed the data and reports for areas 

located north (and downgradient) of AFP 44 provided to it by 

the Field Investigation Team ("FIT"). Based on these ana

lyses and the prior conclusions of the FIT Team and AFP 44 

TRC members, it is apparent that significant known and 

potential historic sources of groundwater contamination 

exist north of AFP 44. Included among the known or poten

tial sources of groundwater contamination in the greater TIA 

area downgradient of AFP 44, as identified by ADHS (1983), 

Ecology & Environment, Inc. (1982 a,b) and the Pima County 

Wastewater Management Department (1983), are: the TIA Run

way 3 Dump; TAC (Tucson Aviation Center) Abandoned Disposal 

Pond; TAC Drainage Channels; TAA Landfill; Gates Learjet, 

TAA Hanger and a variety of others. The USAF's analyses of 

the FIT data are contained in: Evaluation of Data Collected 

10 
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by Tucson Groundwater Contamination Study Task Force in the 

Vicinity of U.S. Air Force Plant No. 44 1 Tucson, Arizona 

(Hargis & Montgomery, Inc., February 4, 1983); and Analysis 

of Data Collected by Tucson Groundwater Contamination St_u~ 

Task Force in the Vicinity of Tucson International Airport, 

Tucson, Arizona(Hargis & Montgomery, Inc., June, 1984) (both 

incorporated by reference). 

Based on the data collected by the USAF, and the 

USAF's analysis of the data previously collected by the FIT, 

it was cqncluded in 1983 that the "plume" of contaminated 

groundwater emanating from AFP 44 had not migrated north of 

Los Reales Road. Other members of the AFP 44 TRC concurred 

in this conclusion, as documented in the Final Community 

Relations Plan, Tucson Airport Area Site, Tucson Ari_zon~ 

(CH2M Hill, July 25, 1983). The approximate extent of the 

AFP 44 contaminant plume in 1983, together with the ground

water analytic results developed by the FIT investigations 

north of AFP 44, are depicted in Figure 1. 

During 1984, the USAF installed eleven new 

off-site monitoring wells to confirm the extent of contam

inant migration from AFP 44. Construction of Monitor Wells 

M-29 Through M-39 1 U.S. Air Force Plant No. 44, Tucson, 

Arizona (Hargis & Associates, Inc., October 16, 1984). A 

number of other groundwater monitoring wells were also 

11 
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installed during 1983 and 1984. Construction of Monitor 

Wells M-21 Through M-28, U.S. Air Force Plant No. 44, 

Tucson, Arizona (Hargis & Montgomery, Inc., September 12, 

1983); Construction of Perched Zone Monitorin Wells S-1 

Throu h S-19 U.S. Air Force Plant No. 44 Tucson Arizona 

(Hargis & Associates, Inc., November 2, 1984). 

While groundwater quality monitoring was ongoing, 

the USAF initiated analyses of potential remedial alterna

tives. Reports detailing these analytic efforts include: 

Prelimin~ry Reclamation Wellfield Design and Assessment of 

w~rPr TrP~rmPnr AlternatiVPS; United States Air Force Plant 

No. 44, Tucson, Arizona (Hargis & Montgomery, Inc., 

August 9, 1982); Conceptual Study For Treatment of Reclaimed 

Water at USAF Plant No. 44, Phase I & Phase II Results 

(Malcolm Pirnie, September 1983); Conceptual Study For 

Treatment of Reclaimed Water at USAF Plant No. 44, Phase III 

Results (Malcolm Pirnie, February 1984). 

Based upon these prior remedial alternative ana

lyses (most of which are presented in full in this document) 

it was decided that a pilot groundwater reclamation system 

should be designed, constructed and operated for the purpose 

of verifying through actual field operations the technical 

fp~sihiliry ~nd performance characteristics of such a sys

tem. A pilot system (consisting of two groundwater 

12 
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extraction wells, a treatment plant to remove the various 

volatile organic compounds and chromium found in the AFP 44 

plume of contaminated groundwater, and two wells to recharge 

treated water back into the aquifer) commenced operations in 

April, 1985. Data obtained from the past several months of 

operation have confirmed that such a system is capable of 

reducing the concentrations of contaminants in extracted 

grnnndwatPr to levels exceeding those considered safe for 

drinking water. 

13 
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Perched zone water is not and cannot (because of its 

volume) be employed for any beneficial use. However, 

possible that some migration of contaminated water fr 

perched zone to the underlying upper zone of the regi 

aquifer may occur. 

C. Regional Aquifer 

Hydrogeologic investigations at AFP 44 indi 

that a rPgion,1.l :1q11ifPr !':y!':h•m orr11r!': hPnP.<1t-h AFP 44 

sisting of upper and lower zones separated by a clay 

aquitard. The investigations, together with the cont 

groundwater quality monitoring p.1.u1::,.La1u .i.u both zones 

regional aquifer, indicate that TCE, TCA, DCE and chr 

exist in the upper zone of the regional system, and h 

migrated off-site to varying extents. Concentrations 

have been detected beneath the complex at AFP 44 int: 

upper zone. Concentrations of chromium have migrated 

upper zone to points just beyond the plant's northern bound

ary. TCE and a lesser amount of DCE have migrated in the 

upper zone beyond the plant's northern boundary, poter~~~ 11 •• 

to the extent depicted in Figure 2, with concentratio: 

decreasing with distance from AFP 44. 

The extent of AFP contaminant migration in 

upper zone has been determined on the basis of the ex· 

body of groundwater analytic data gathered during the 

16 
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four years. Based on the data obtained during 1984, it has 

been concluded that the leading low concentration edge of 

the AFP 44 contaminant plume may have migrated to the area 

just north of Los Reales Road which already contained much 

higher concentrations of volatile organic compounds and 

other contaminants from sources other than AFP 44 (Figure 

2). Individual maps depicting the range of TCA, TCE, DCE 

and chromium concentrations are presented in Figures 2A 

through D . 

. The lower zone does not appear to have been 

directly contaminated by sources at AFP 44. However, con

taminants have been detected in specific areas of the lower 

zone, apparently as the result of the mixing of groundwater 

from the upper and lower zones through on-site wells which 

formerly penetrated both zones. As noted above, these wells 

were sealed in 1982 and 1983 to prevent futher occurrence of 

this process. The extent to which contaminants have 

migrated in the lower zone of the regional aquifer is sig

nificantly less than in the upper zone, as depicted in Fig

ure 2E. 

17 
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IV. POTENTIAL RISKS: 

Remedial actions in response to releases of haz

ardous substances may be undertaken by the President in 

order to protect the public health, welfare or the environ

ment. CERCLA § 104(a). In the present case, past releases 

of hazardous substances at AFP 44 have resulted in the con

tamination of a portion of an aquifer which in light of con

tamination is presently not used as a source of drinking 

water or other beneficial use, but might be employed for 

such purposes if the water quality complied with relevant 

water qualtiy standards and criteria. 

A number of studies have been undertaken to estab

lish standards for the allowable concentrations of certain 

contaminants in drinking water. Such standards are normally 

set at limits considered to be extremely safe for the con

stituents of concern. Drinking water standards have not 

been formally adopted for many substances, including most of 

the substances of concern at AFP 44, although administrative 

rulemakings to establish such standards for TCE, TCA and DCE 

have been initiated. 

In order to identify treatment objectives and 

goals for any remedial groundwater program at AFP 44, how

ever, the USAF has looked to the drinking water standards 

and criteria established or identified for us by EPA and 

18 
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ADHS. In some instances, numerical values for allowable 

concentrations of the relevant volatile compounds have 

changed during the past several years. Since the affected 

groundwater area south of Los Reales Road is not presently 

used and since the objective of any proposed remedial 

groundwater treatment program for AFP 44 will be to meet or 

exceed relevant drinking water standards or criteria, an 

exhaustive presentation of potential health risks associated 

with the nature and degree of the contamin~nts has not been 

and need.not be undertaken here. The treatment objectives 

and goals established for the purpose of this analysis are 

identified in Section V, and a summary of the studies under

lying the identification of the target treatment levels is 

provided below. 

A. Volatile Organic Compounds. 

The risks associated with TCE, TCA and DCE are the 

subject of continuing research. Human epidemiology data 

concerning the carcinogenic risks of TCE, TCA and DCE are 

extremely limited; consequently, animal experiments have 

been conducted from which the potential human risk is 

extrapolated. (49 Fed. Reg. 24330, 24339, 1984). Because 

of this continuing research, the following sections concern

ing the potential health risks associated with TCE, TCA and 

DCE are reproduced from the preamble of a regulation pro-

19 
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posed by EPA concerning recommended and maximum concen

tration limitations for those volatile organic compounds in 

drinking water. (49 Fed. Reg. 24330, 1984). 

1. Trichloroethylene 

"Trichloroethylene has been shown to exhibit 

non-carcinogenic bioeffects at high (non-environmental) 

doses in humans and several other animal species, including 

dogs, rabbits, guinea pigs, rats and mice. The major 

effects demonstrated are liver and kidney damage, central 

nervous system effects and depression in myocardial 

contractility. 

In the calculation of a suggested Adjusted ADI 

[acceptable daily intake] for trichloroethylene, liver 

toxicity was used as the most sensitive end-point with 

respect to adverse health effects, not including the poten

tial carcinogenic risk that may result from exposure to the 

chemical. A study in which rats were exposed to 

trichloroethylene through inhalation with resulting ele

vation of liver weights was used to calculate a suggested 

Adjusted ADI of 0.257 mg/1. This value was calculated based 

upon a minimal-effect-level of 300 mg/m3 (55 ppm), since 

rats exposed to this dose level (5 days a week for 14 weeks) 

showed elevation of liver weights. An uncertainty factor of 

1000 was applied due to the fact that an animal study, where 

20 



- 131 

-

-

the no-observed-adverse-effect-level was not identified, was 

used and because the study was only of 14 weeks duration. 

One hundred percent exposure from drinking water and a 70 kg 

adult consuming 2 liters of water per day were assumed in 

the calculations. 

The NAS has not calculated a chronic 

non-carcinogenic Suggested No-Adverse-Response Level (equiv

alent to an Adjusted ADI) for trichloroethylene, because 

every long-term study, with the exception of the National 

Cancer I~stitute (NCI) carcinogenesis investigation, 

invnlvP~ tri~hlnrnPthylPnP ~rlmini~tratinn by inhalatinn. 

The NCI bioassay did not determine a "no-effect level" and 

thus it was not considered appropriate for use in the deii-

ation of a chronic, nnnr,~,rr,; nno,or,; r ,7!:::11 l 11Q ............. - ........ .............. ~o-,. .......... "' ....... _ ..... . 

Bacterial mutagenicity studies have shown 

trichloroethylene to be mutagenic in several systems, 

ir1cluding metabolically activated Salmonella t;,i,.,h,.;,_mu.r.._;_um and 

E. coli Kl2 strain; however, a later study reported 

trichloroethylene to be non-mutagenic in the Ames test sys-

tern. 

Commercial grade trichloroethylene was tested by 

the National Cancer Institute (NCI) (1976) and was reported 

to induce hepatocellular carcinomas in male and female mice 

by oral gavage. A repeat bioassay by the National 

21 
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Toxicology Program (1983) using purified trichloroethylene 

in corn oil found it to cause hepatocellular carcinomas in 

both sexes of mice, at a dose of 1,000 mg/kg per day, five 

days per week for 2 years, administered by gavage. 

Trichloroethylene was not carcinogenic in female rats under 

the test conditions and the results in male rats were deter

mined to be insufficient to make an adequate evaluation of 

the carcinogenicity. The doses administered to the rat were 

1,000 and 500 mg/kg/day. 

The International Agency for Research on Cancer 

(IARC) has concluded that trichloroethylene has 1imi~~~ ~vi-

dence of carcinogenicity, based upon experimental animal 

studies and inadequate evidence from available human data. 

This means that the data suggest a carcinogenic effect in 

one species, but lack of confirmation in others. The World 

Health Organization {1981) has recommended a tentative 

guideline value of 30 ug/1 for trichloroethylene in drinking 

water. 

EPA's Carcinogen Assessment Group has used the 

linearized non-threshold multi-stage model to calculate 

projected excess cancer risk estimates extrapolated from 

high dose animal studies. For trichloroethylene, these 

estimates were based upon the NCI bioassay data. Calculated 
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risks corresponding to various doses are listed in Table 7. 

[See Table 7 at 49 Fed. Reg. 24330, 24340]." 

2. 1, 1, 1-Trichloroethane 

"The principal toxic effects of 

1,1,1-trichloroethane from. (non-environmental) dose 

exposure in animals and humans are depression of the central 

nervous system, increase in liver weight and cardiovascular 

changes. 

Liver toxicity was used as the most sensitive 

end-point, with respect to adverse health effects, not 

including the potential carcinogenic risk, in the calcu

lation of an adjusted ADI for 1,1,1-trichloroethane. An. 

inhalation study which examined exposure of mice to 

1,1,1-trichloroethane was used to calculate a suggested 

Adjusted ADI of 1.0 mg/1. This study demonstrated changes 

in the livers of the mice at various dose levels. 

Two animal bioassays by the National Cancer Insti

tute (NCI) have been completed in rats and mice (1977, 

1983). In the earlier bioassay, rats and mice were treated 

with 1,1,1-trichloroethane in corn oil by gavage. Because 

only 3 percent of the animals survived to the end of the 

experiment, due in part to chronic murine pneumonia which 

was determined to be the most probable cause of the high 

incidence of natural deaths among the animals, it was con-
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eluded that carcinogenicity could not be determined from 

this study. A repeat carcinogenesis bioassay of 

1,1,1-trichloroethane was conducted in which doses of 3,000 

or 1,500 mg/kg were administered by gavage to both sexes of 

mice, and rates (sic) were given [doses] of 750 or 375 

mg/kg. In the preliminary report of this study, 

1,1,1-trichloroethane was carcinogenic in both male and 

female mice showing an increased incidence of hepatocellular 

carcinomas but not in rats; however, these initial results 

have been questioned. 

1,1,l=trichloroethane has been tested for 

mutagenicity in several test systems. Both negative and 

positive results were reported in mutagenicity tests in var

ious Salmonella typhimurium strains, and 

1,1,1-trichloroethane was not shown to be mutagenic in 

studies using yeast as an indicator organism. 

EPA's Carcinogen Assessment group has used the 

linearized non-threshold multi-stage model to calculate pre

liminary excess cancer risk estimates extrapolated from the 

preliminary reported incidence of hepatocellular carcinomas 

in female mice in the study cited above. Calculated risks 

corresponding to various doses are listed in Table 7. 

Table 7 at 49 Fed. Reg. 24330, 24340]. 
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Similar calculations were made by the NAS (Drink

ing Water and Health, Vol. V) except that the average of the 

results in both male and female mice were used as the basis. 

The latest bioassay data, on 1,1,1-trichloroethane 

is currently undergoing audit by the National Toxicolgy Pro

gram ("NTP") and a final report has not been issued." (49 

Fed. Reg. 24330, 24341). 

3. 1, 1- Di chloroethy lene 

"1,1-Dichloroethylene has been shown to cause liv

er and kidney injury in animals from high dose exposures. 

Liver damage in rats, mice and guinea pigs has been docu

mented, along with renal toxicity, CNS depression and 

sensitization of the heart. 

An Adjusted ADI of 350 ug/1 for 

1,1-Dichloroethylene considering adverse health effects not 

including the potential carcinogenic risk was calculated 

based upon toxic liver effects using a NOAEL of 10 mg/kg and 

100 percent exposure from drinking water. 

The NAS (1983) has calculated a chronic, 

suggested-no-adverse-response level (equivalent to an 

adjusted ADI) of 0.1 mg/1 based upon non-carcinogenic 

effects only for 1,1-Dichloroethylene from data in the 

National Toxicology Program bioassay (1982) in rats and 

mice. A no-observed-adverse-effect level of 2 mg/kg was 
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used and an uncertainty factor of 100, and complete absorp-

tion from the GI tract. Twenty percent exposure from drink-

ing water and a 70 kg adult consuming 2 liters of water per 

day were assumed in the calculations, along with conversions 

-t=--"' .-:,_ ~ L.J.UUL a, J 7 d/week 

1,1-dichloroethylene was found to be mutagenic 

with microsomal activation in Salmonella typhimurium and E. 

coli test systems. However, mutagenicity was not observed 

with V79 Chinese hamster cells or in dominant lethal studies 

in mice qnd rats. 

1,1-dichloroethylene was shown to produce kidney 

adenocarcinomas in mice and rats in one study (Maltoni, 

1977). However, most of.the other studies have failed to 

demonstrate significant carcinogenic activity of the chemi

cal. A study by the National Toxicology Program (1982) 

examined 1,1-dichloroethylene exposures of 1 mg/kg or 5 

mg/kg 5 times per week in rats and 2 mg/kg or 10 mg/kg 5 

times per week in mice. In this bioassay, there was no evi-

dence that 1,1-dichloroethylene was carcinogenic for either 

the rats or the mice. However, there was some question as 

to whether the maximum tolerated dose had been used in this 

study. The NAS (1983) has concluded that information on 

1,1-dichloroethylene is not sufficient to reach a definite 

conclusion on the carcinogenicity of the compound. 
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EPA's Carcinogen Assessment Group found 

1,1-dichloroethylene to have limited evidence of 

carcinogenicity in animals. They have used the linearized, 

non-threshold, multi-stage model to calculate projected 

excess cancer estimates extrapolated from high-dose animal 

studies. For 1,1-dichloroethylene, these estimates were 

based on results of inhalation studies in mice and rats. 

Calculated risks corresponding to various doses are listed 

in Table 7. [See 49 Fed. Reg. 24330, 24340]. EPA's SAB has 

recently questioned validity of this study result. This 

tentative classification of 1,1 DCE as a carcinogen will be 

reexamined." (49 Fed. Reg. 24330, 24343). 

B. Chromium 

Extensive studies have been performed with respect 

to the risks associated with the presence of chromium in 

drinking water, and resulted in the establishment by EPA of 

a maximum contaminant level for chromium in drinking water 

as specified in 40 C.F.R. Part 141. In the interest of 

brevity, the risks assessments performed in support of the 

adoption of that EPA regulation are incorporated by refer

ence. 
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V. OBJECTIVES 

In light of the known hydrogeologic conditions and 

in appreciation of the risk assessments described above, 

identification of an appropriate remedial alternative(s) is 

necessary for the detailed design and implementation of a 

cost-effective program for mitigating the adverse environ

mental impacts and potential health risks associated with 

the migration of hazardous substances from AFP 44. The 

objectives of the remedial acti?.!:_ !'r~gra~~imately 

selected and implemented will be: 
. ··-- ·-·· --

(1) to prevent to the maximum pr~rrir~hlP ~PgrPP 

any continued migration of the AFP 44 plume of contaminated 

groundwater; 

(2) to render groundwater contaminated by sources 

at AFP 44 suitable for beneficial use; 

(3) to meet applicable or relevant standards and 

criteria of Federal (or, where appropriate, state and local) 

environmental and public health laws to the maximum extent 

practicable; 

(4) to achieve those results in a cost-effective 

and timely manner; and 

(5) to implement a program which does not result 

in unwarranted drawdown impacts in the regional aquifer, 

which does not interfere with the performance of remedial 
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action programs conducted by others in the greater TIA 

vicinity, and which is consistent with the goals of the 

Tucson Active Management Area groundwater management plan. 

A. Extent of Remedy: 

In further refinement of objective (2) above, it 

is important to identify at the outset of this analysis the 

extent of remedy sought from any groundwater tre~tment pro-

gram. In this regard, the National Contingency Plan pro

vides thGt: 

The appropriate extent of remedy shall be 

determined by the lead agency's selection of 

the remedial alternative which the agency 

determines is cost-effective (i.e. the lowest 

cost alternative that is technologically feasi

ble and reliable and which effectively miti

gates and minimizes damages to and provides 

adequate protection of public health, welfare 

or the environment). 

40 C.F.R. § 300.68(j). 

In light of the analytic requirements of the NCP, 

however, a variety of remedial alternatives are considered 

in this document, including the alternatives of taking no 

action and other alternatives which entail no treatment of 
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contaminated groundwater. With respect to treatment alter

natives, the levels to which water will be treated must be 

considered in determining their cost-effectiveness since 

marginal increments of contaminant reduction might only be 

achieved at additional costs which greatly exceed the bene

fit gained. Accordingly, ranges of contaminant concen

trations and the cost of treatment to those levels have been 

considered at appropriate discussions in this analysis. 

B. Compliance with Relevant Drinking Water Standards 

and Criteria. 

In light of the goals of this program, target 

treatment levels have been selected which meet or exceed the 

levels of contaminant concentration considered safe by rele-

vant regulatory agencies for drinking water. Attainment of 

drinking water quality standards also would result in com

pliance with a variety of other federal and state laws, 

including regulations potentially applicable to the recharge 

of treated water back into the aquifer from which it was 

-r_,; r'hA-~11.m 
W..LL.1.1.Y.LQ.Wl.1.• The chrornium, TCE, 

TCA and DCE are identified below. The bases for the iden

tified target levels are as follows: 

1. Chromium: The maximum concentration limita

tion for chromium in drinking water is 0.05 parts per 
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million (ppm). This standard is established by the National 

Interim Primary Drinking Water Regulations, 40 C.F.R. Part 

141, and is the target treatment level for chromium in any 

remedial water treatment alternative implemented at AFP 44. 

2. Volatile Organic Compounds: There are no 

formally adopted federal drinking water maximum contaminant 

limitations (MCLs) for TCE, TCA or DCE. In 1982, however, 

EPA published an advance notice of proposed rulemaking to 

revise 40 C.F.R. Part 141 (the National Interim Primary 

Drinking.Water Regulations) so as to establish recommended 

maximum contaminant limitations (RMCLs) for certain organic 

compounds. 47 Fed. Reg. 9350 (1982). RMCLs are health 

goals, not enforceable standards, and are set at a level 

where "no known or anticipated adverse effects on the health 

of persons occur and which allows an adequate margin of 

safety." 

While the advance notice of rulemaking did not 

propose specific MCLs, it included a table indicating the 

options being evaluated by EPA concerning the appropriate 

MCL (i.e. legal standard) for certain organic compounds, 

including TCE and TCA but not DCE . The potential range of 

MCLs then being considered fell "roughly within an upper 

limit lifetime exposure risk range of 1 in 10,000 (i.e. one 

excess cancer death per 10,000 population) to 1 in 1,000,000 

31 



-

-

142 

(i.e. 10-
6

) as estimated by conservative relative risk 

computation models using data from animal tests." 47 Fed. 

Reg. 9357. 

The potential MCLs with a 10- 6 cancer risk for 

TCE and TCA identified there were S ppb and 1000 ppb respec

tively. The 10- 6 cancer risk rate was premised on the 

consumption of 2 liters of water per day containing S ppb of 

TCE, or 1000 ppb of TCA, by a 70 kilogram adult every day 

for 70 years. If consumed at that rate for that period of 

time, one person in a million might die from cancer related 

to the ingestion of TCE or TCA. 

EPA has explained a 10- 6 cancer risk as follows: 

As an example of what 10- 6 would mean in 

terms of the U.S. population, a total of 20 

cases of cancer would result if 10 percent of 

the population were exposed at a 

equivalent to a 10- 6 risk for 70 

dose level 

years. 

Stated another way, that would be one-third of 

a cancer case per year as an upper limit in the 

U.S. population compared to the appropriately 

[sic] 500,000 annual cancer deaths that occur. 

The actual number of cases attributable to that 

particular substance would probably be less and 

perhaps none at all would occur unless some 
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additive or synergistic interaction with other 

substances resulted in enhanced toxicity. 

49 Fed. Reg. 24330, 24348 (1984). 

l -:1 J 

Subsequent to that advance notice, EPA published a 

proposed rulemaking to revise 40 C.F.R. Part 141. (49 Fed. 

Reg. 24330, June 12, 1984). The proposed rule, if promul

gated as written, would establish RMCLs for certain organic 

compounds. For TCE and DCE, the proposed RMCL was zero; for 

TCA, the proposed RMCL is 0.2 milligrams per liter, i.e. 200 

ppb. 49 Fed. Reg. 24352. The proposed rule acknowledged 

that the recommended RMCLs for TCE and TCA are based only on 

"limited evidence of animal carcinogenicity " ( 49 

Fed. Reg. 24348) .. The Environmental Health Committee of 

EPA's Science Advisory Board ("SAB") has concluded that 

there is presently insufficient evidence to classify TCE as 

a human carcinogen. (SAB, December 17, 1984). 

The most recent EPA proposals with respect to safe 

concentrations of TCE, TCA and DCE in drinking water is cur

rently pending before the Office of Management and Budget. 

Under the present proposal, EPA is recommending the follow

ing MCL's and RMCL's for those substances: 

33 



-

-

-

TCE 
TCA 
DCE 

Proposed 
RMCL 

0 
200 ppb 
7 ppb 

Proposed 
MCL 

5 ppb 
200 ppb 
7 ppb 

114 

As is the case with federal criteria concerning 

drinking water quality, Arizona has not formally adopted 

numerical MCLs for the volatile organic compounds TCE, TCA 

and DCE. ADHS has stated, however, that it too operates on 

the premise that the presence of such compounds in drinking 

water sho,uld accord with the theoretical 10- 6 cancer risk 

level. Previous correspondence among EPA, ADHS and the USAF 

indicated that appropriate treatment levels would be as fol

lows: 5 ppb TCE, 0.033 ppb DCE, 1000 ppb TCA (ADHS 1982). 

The 1000 ppb TCA standard was revised in subsequent dis

cussions to 16.8 ppb, apparently based on earlier assess

ments that 16.8 ppb TCA constituted a 10- 6 cancer risk. 

Thus, based on earlier discussions which predated the more 

recent EPA proposed rulemakings, the target treatment levels 

for TCE, TCA and DCE at AFP 44 were set as follows: 5 ppb 

TCE; 16.8 ppb TCA; 0.033 ppb DCE. These levels have served 

as the basis for analyzing groundwater treatment alterna

tives. 

These target treatment levels represent very con

servative safety limits. As is evident from the table 
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below, the target treatment levels meet the most recent pro

posals by EPA for TCE, meet the existing MCL for Chromium, 

and exceed by several orders of magnitude the most recent 

EPA proposals for TCA and DCE. Since drinking water quality 

standards, recommended contaminant levels or advisories may 

continue to rise or fall as they have in some instances over 

the past few years, the target treatment levels identified 

below will continue to be used as the objectives for treat

ment plant performance and the goals for aquifer restora

tion. 
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APPLICABLE, RELEVANT STANDARDS AND 

TARGET TREATMENT LEVELS 

Trichlorethylene 

1,1,l, 
Tri ch lore thane 

1,1 
Dichloroethylene 

Chromium (total) 

Proposed 
RMCL 

0 

200 ppb 

Proposed Treatment 
MCL Target 

5 ppb 5 ppb 

200 ppb 16.8 ppb 

7 ppb 

.05 ppm 
(final) 

0.033 ppb 

.05 ppm 

,·,source, Proposed Promulgation of Recommended Maximum Con

taminant Levels and Proposal of Maximum Contaminant Levels, 

U.S. EPA, Acting Assistant Administrator for Water, 1985. 
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Consistency of Remedy With the Standards of Other 

Relevant Laws 

Based upon the fact that Tucson is underlain by 

and reliant upon a sole source aquifer, it is important that 

laws concerning groundwater uses and impacts be considered 

in evaluating possible remedial alternatives. Of particular 

interest in that regard are the substantive standards of the 

Arizona Groundwater Management Act (and the associated 

Tucson Arizona Active Management Area management plan) and 

Arizona regulations contained in the State groundwater pro

t-<=>rt-i nn program. These prov is ions are briefly summarized 

below. Compliance with the substantive standards of other 

relevant laws is discussed in Section IX. 

1. Arizona Groundwater Management __ Ac~ __ ('AGMA") 

The AGMA was enacted in 1980 to institute a com

prehensive groundwater conservation and management program 

in Arizona. While allowing for the continuation of historic 

groundwater usage under a system of Grandfathered Rights, 

additional groundwater extraction and new uses were made 

subject to strict conservation requirements and development 

restrictions. 

Active groundwater management areas were formed 

under the Act in areas of the State particularly reliant 

upon groundwater availability. The Tucson Active Management 
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Area ("TAMA") is one such area. In general, and especially 

in active management areas, groundwater may be withdrawn or 

used only pursuant to a Grandfathered Right or a permit. 

The objectives of the TAMA management plan include: achieve

ment of "safe-yield," i.e. equilibrium of groundwater 

extraction and recharge rates; protection of existing water 

users and property owners from unreasonably increased dam

age; prevention of water quality degradation; and, reduction 

or elimination of land subsidance. To obtain these objec

tives, the permitting of new groundwater extraction or new 
---··-· 

groundwater uses is extremely restricti~~~ 

2. State Groundwater Protection Permit 

State regulations concerning activities which may 

adversely impact groundwater quality appear at ACRR 

§ R9-20-202 et~- These regulations require the filing of 

a notice of disposal of certain activities which may impact 

groundwater quality, and may require the issuance of a per

mit which establishes conditions that assure that activities 

do not result in any measurable change to the physical, 

chemical or biological character of groundwater caused by 

the addition of pollutants or wastes . 
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VI. REMEDIAL ALTERNATIVE ANALYSIS: Initial Screening 

A number of alternative response actions could be 

appropriate for implementation at AFP 44, and an evaluation 

of the broad range of alternatives is necessary to determine 

which would provide the optimum remedial alternative. Not 

all of possible alternatives, however, deserve detailed con

sideration. Accordingly, the following criteria have been 

used as the basis for determining which remedial alterna

tives warrant more detailed analysis: 

(1) Cost: the magnitude of capital expendi

tures necessary to construct and operate 

the facilities required; 

(2) Environmental Impact: the degree to 

which the alternative is likely to mini

mize future danger to or threat of harm 

to the environment; the degree to which 

the alternative can be expected to "miti

gate existing adverse environmental con

ditions; the degree to which the 

alternative may create additional 

adverse environmental impacts; and, the 

timeliness of the mitigation achievable 

under the alternative; 
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(3) Public Health: the degree to which the 

alternative is likely to minimize danger 

to or threat of harm to the public 

health and welfare; 

(4) Regulation Compliance: the scope of 

activity necessary to meet the substan

tive standards of any relevant regulato

ry provisions associated with each 

activity; and 

(5) Feasibility: the engineering and tech

nological feasibility of implementing 

each alternative. 

The range of potential remedial options fall into 

four broad categories: 

1. Remove or contain contamination at its 

source; 

2. Leave the contaminated water in the ground, 

either taking no action or containing it with barriers to 

prevent further migration; 

3. Remove the contaminated groundwater from the 

aquifer through wells and dispose of the extracted, 

untreated water elsewhere; 
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4. Remove the contaminated groundwater from the 

aquifer, treat the water, and use the treated water for 

groundwater recharge or other beneficial use. 

A preliminary discussion of the various remedial 

options appears below, with emphasis on the decision ele-

ments specified above. Since this section presents an ini-

tial screening of possible alternatives in order to identify 

rhose notions which warrant further detailed analvsis. the ------ -~------ ··------ ··------- -------- ----------- . ., ~ 

discussions below are not exhaustive, nor are they intended 

to be. 

A. Source Control 

The National Contingency Plan, 40 C.F.R. Part 300, 

states that source control remedial actions "may be appro

priate if a substantial concentration of hazardous sub

stances remain at or near the area where they were 

originally located and inadequate barriers exist to retard 

migration of substances into the environment. Source con-

trol remedial actions may not be appropriate if most sub

stances have migrated from the area where originally 

located " (40 C.F.R. § 300.60(e)(2)). 

The objectives of the Phase I and Phase II inves

tigations at AFP 44 included locating potential sources of 

trace metal and organic contaminants and determining the 

residual concentration of contaminants in the soils (Hargis 
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& Montgomery, Inc., 1982). The data presented in these 

reports comprises the remedial investigation addressing 

source control. 

1. Soils: 

152 

The Phase I and Phase II investigations con

ducted at AFP 44 in 1981 included collection of 683 soil 

samples from 31 borings drilled at abandoned waste disposal 

pits, ponds and ditches. Chemical analyses were performed 

on 359 soil samples to determine the concentrations of TCE, 

TCA and DCE. Concentrations of TCE reported in the soil 

samples were usually less than 10 ppb (parts per billion), 

but were as high as 45 ppb (Hargis & Montgomery, Inc., 

1982). TCA was detected in only 7 of the 31 borings and 

concentrations reported were usually less than 5 ppb, but 

were as high as 11 ppb. DCE was detected only in 2 soil 

borings at concentrations less than 5 ppb. 

Chromium and other trace metal concentrations in 

344 soil samples were analyzed by extraction procedure 

toxicity methods outlined by the EPA in Testing Methods for 

Evaluating Solid Waste (May 1980). The extraction procedure 

toxicity method is designed to determine the leachability of 

substances from a solid waste or soil that is subject to 

infiltration and percolation of rainfall. Results of ana

lyses for chromium indicate that concentrations of chromium 
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in the extracts leached from the soil samples are much less 

than the 5 mg/1 (milligrams per liter) concentration charac

teristic of extraction procedure toxicity, with the excep

tion of one sample. The sample which exceeded the 

extraction procedure toxicity limit was located in a pond 

which was previously excavated and refilled, and which is 

now covered over by an asphalt parking lot. Chromium con

centrations for 321 of the 344 extracts leached from the 

soil samples are less than 5 ppm. 

, Results of the Phase I and Phase II investigation 

indicate that the solvent disposal pits located in the area 

west of Building 801 and north of the wastewater treatment 

plant were probably the principal sources of TCE, TCA and 

DCE that had migrated to the regional aquifer. Residual 

concentrations of TCE, TCA and DCE in the soils in this area 

are low, and indicate that these abandoned pits are no long

er sources of contamination. 

Results of the trace metal analyses by extraction 

procedure toxicity indicate that the abandoned sludge dis

posal pits east of Building 801, which are now covered by a 

paved parking lot, were the principal source of chromium 

that migrated to the regional aquifer beneath AFP 44. The 

mobility of trace metals is related to the pH of the soils, 

which ranges from about 8 to 10 at AFP 44. Although scat-
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tered residual concentrations of chromium occur in the soils 

beneath the abandoned pits, the absence of percolating fluid 

to mobilize the chromium, and the alkaline nature of the 

soils, effectively eliminate this source of contamination. 

An additional conclusion of the Phase II investi

gation and subsequent monitoring was the delineation of a 

perched groundwater zone (above the regional aquifer) with a 

surface area beneath AFP 44 of about 100 acres. The satu

rated thickness of the perched groundwater ranges from less 

than one .foot to 24 feet. Water levels and contaminant con

centrations in the perched groundwater have been monitored 

since 1981. 

- Analysis of water level data indicates that the 

-

water levels in the perched groundwater zone beneath AFP 44 

appear to fluctuate in response to rainfall and runoff 

events, especially near the topographically low areas where 

the accumulation of surface runoff occurs. There is no data 

to indicate that percolation of surface runoff through the 

unsaturated zone has increased contaminant concentrations in 

the perched groundwater since 1981. In fact, the concen

trations of TCE, TCA, DCE and chromium in groundwater sam

ples from the perched zone wells have generally decreased. 

Soils therefore do not appear to be a continuing source of 

contamination in the perched zone, so that additional con-
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trol measures beyond those already undertaken with respect 

to soils or the prevention of stormwater percolation through 

soils are considered to be unnecessary. 

2. Perched Zone: 

The perched zone occurs in an area of low 

permeability clays which prevent or retard the downward 

migration of water to the regional aquifer below. Given 

this geology, it is unlikely that contaminated water in the 

perched zone constitutes a significant source of contam-

ination r,o the regional aquifer. Given the very limited 

thickness of the saturated perched zone (1-24 feet), it is 

technologically infeasible to pump water from this area. 

Given the depth of the perched zone beneath land surface, 

rhe cn~r nf excavaring this area for the purpose of removal 

actions would be completely disproportionate to any benefit 

gained. Allowing contaminated groundwater to remain in the 

perched zone would probably have little direct environmental 

impact, and the presence of contaminated groundwater in the 

perched zone itself presents no direct risk to public health 

and welfare. 

However, in the event that groundwater reclamation 

of the upper region aquifer were to be performed, it would 

be wise to facilitate drainage cf contaminated perched water 

into the upper regional aquifer by constructing groundwater 
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extraction or recharge wells through the perched zone in a 

manner which allowed perched water to flow down well casings 

down the upper regional aquifer. Once in the upper regional 

aquifer, the contaminated perched water could be extracted 

for treatment through the groundwater reclamation system 

designed to extract water from the upper zone of the 

regional aquifer. Such a program, coupled with continued 

perched zone and upper regional aquifer monitoring, would 

greatly diminish any concern that slow leakage from the 

perched zone might necessitate any needlessly prolonged 

operation of the reclamation program. 

B . No Action 

Under this alternative, no efforts would be under-

taken to remedy groundwater contamination in the regional 

aquifer caused by prior waste handling practices at AFP 44, 

and no direct capital expenditures would be made. Not miti-

gating the existing groundwater conditions, however, would 

probably require continuing and expanding the groundwater 

quality monitoring activities for the purpose of documenting 

the migration of the contaminants in the groundwater. 

This alternative does not mitigate or minimize any 

harm that has occurred or may occur to the environment. 

Since no activity would be required under this alternative, 

no additional adverse environmental impacts associated with 
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Further environmental 

damage could result, however, as a result of the continued 

transport of contaminants already in the aquifer through the 

regional system. Failure to mitigate existing groundwater 

conditions could also complicate, lengthen or defeat any 

other remedial actions taken downgradient from AFP 44 in the 

area north of Los Reales Road. 

In order to evaluate further the environmental 

impact of the ''no action" alternative, future movement of 

the AFP 44 TCE contaminant plume was simulated using a 

two-dimensional digital computer model of solute transport 

and dispersion (Konikow and Bredehoeft, 1978). Results of 

the evaluation indicate that the contaminant concentrations 

at AFP 44 would be reduced from about 5,000 ppb to less than 

5 ppb after a period of approximately 30 years. However, 

concentrations of TCE in the regional aquifer northwest of 

AFP 44 would increase as the high rnnr~min~n~ rnnrPn~r~~inn~ 

zones presently located in the vicinity of AFP 44 would 

migrate downgradient for a distance of approximately two 

miles during the 30 year period. Due to dispersion, peak 

concentrations would decrease from about 5,000 ppb to about 

2,000 ppb as the contaminant plume migrated. 

Although peak concentrations would decrease, the 

areal extent of the plume would increase. Within 30 years, 
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the 10 ppb contour of TCE concentration might extend more 

than three miles north-northwest of the northern Plant 

boundary. The contaminant plume currently emanating from 

AFP 44 could increase contaminant concentrations in approxi

mately 25 private and municipal wells to concentrations 

greater than the target treatment levels. After 50 years, 

the 10 ppb,contour of TCE concentration might extend about 

five miles north-northwest of AFP 44. The highest concen

tration of contaminants would be about 1,000 ppb, and about 

54 existing private and municipal wells would be contam

inated and contain concentrations of contaminants greater 

than the target treatment levels. (Both of these calcu-

lations assume - contrary to fact - the absence of contam-

inants from other sources downgradient of AFP 44.) 

A no action alternative is generally unacceptable 

unless the adverse environmental impacts associated with 

other remedial alternatives would cause greater e11v.i.i.u11-

mental or health danger than no action. The potential 

adverse impacts of other possible remedial actions are dis

cussed below, some of which would result in few or no sig

nificant adverse environmental impacts. Accordingly, the no 

action alternative is not justifiable based on environmental 

considerations. 
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Under this concept, slurry walls, grout curtains, 

or sheet pilings would be constructed around the perimeter 

of the contaminanted groundwater plume emanating from AFP 44 

to prevent its further migration. 

Because of the areal extent of the groundwater 

contamination plume and the depth to the base of the contam

inated zone of the aquifer in the vicinity of AFP 44 (ap

proximately 180 to 220 feet), the construction of an 

impermeable barrier to contain the groundwater plume would 

require the emplacement of a massive structure. Significant 

engineering problems would have to be overcome, and the 

acquisition of land rights, easements and rights-of-ways for 

construction of such barriers would be extremely complicated 

and time-consuming, assuming such acquisitions could ever be 

completed. The costs associated with such an effort have 

not been calculated, but would appear to be disproportionate 

to any benefit achieved. 

This construction theoretically could be of some 

benefit in preventing or at least retarding the horizontal 

migration of contaminants through the aquifer. Neverthe-

less, insufficient hydrogeologic data is available to con

clude with certainty that the emplacement of impermeable 

barriers would prevent the horizontal migration of contam-
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inants. Accordingly, this alternative does not provide an 

assured mechanism by which to minimize and/or mitigate 

potential harm to the public health, welfare and environ

ment. Furthermore, since this alternative would do nothing 

more than contain the migration, it does not provide a means 

for making contaminated water suitable for beneficial use. 

A construction project of this magnitude would 

certainly have adverse impacts on the environment. The 

emplacement of slurry walls to encircle completely the plume 

could require massive excavations throughout a large area in 

the vicinity of the Such an effort could: (1) signif-

icantly disrupt the local ecology; (2) generate extensive 

particulate and hydrocarbon emissions during the excavation 

and construction phase that would require considerable miti-

gation measures; and, (3) potentially alter the direction 

and rate of flow in the upper regional aquifer, possibly 

affecting domestic and municipal wells, and other remedial 

actions downgradient from AFP 44. 

Existing groundwater conditions do not pose a 

direct and immediate threat to the public health and wel,fare 

since alternative water sources are presently available. 

Nevertheless, the state of existing groundwater conditions 

do have long term implications for water availability and 

usage in the Tucson area. To the degree they could be sue-
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cessful, groundwater containment measures might prevent fur~ 

ther contamination of the aquifer, and thus maintain the 

status quo. 

The number and degree of regulatory complications 

involved in containing contaminants in groundwater subject 

to State of Arizona groundwater management authority are 

unknown. While the construction of impermeable barriers is 

a known technology which has been used with varying degrees 

of success at other sites around the country, we are unaware 

of any cj,rcumstance in which such barriers. have been used 

for the containment of a groundwater contamination plume in 

geological circumstances similar to those in the vicinity of 

AFP 44, or on such a massive scale. 

D, Withdrawal of Groundwat@r 

Construction and operation of a reclamation well

field to extract contaminated groundwater from the regional 

aquifer would prevent further migration of the contaminated 

plume and reduce contaminant concentrations in the ground-

water. The reclamation wellfield would have to be operated 

continuously to control effectively the migration of the 

plume. The most rapid and effective reduction in contam

inant concentrations can be accomplished by pumping at the 

maximum possible rate within the limitations of the 

aquifer's hydraulic characteristics. Pumping at lesser 
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rates would result in groundwater having to be pumped for a 

longer period of time in order to treat the same volume of 

water. However, because of the processes of contaminant 

dispersion in groundwater, as more time elapses a greater 

volume of water would become contaminated so that a pumping 

project of long duration would result in larger volume of 

water having to be treated to achieve the same result. 

Continuous operation of the proposed reclamation 

wellfield at the maximum pumping rate is an important factor 

in this ~nitial screening of water use alternatives. Stop

ping the pumping or reducing it to a minimal level for a 

period of time would allow the regional groundwater flow to 

re-establish control of the contaminant plume and possibly 

transport it so far downgradient that the wellfield would no 

longer be in an optimal location for the extraction of con

taminants. 

An estimation of the maximum possible pumping rate 

and associated duration of pumping has been made with the 

assistance of a two-dimensional digital computer model of 

solute transport and dispersion (Konikow and Bredehoeft, 

1978). Approximately 20 years of pumping at 2,000 gpm would 

be required for efficient cleanup process. Therefore, any 

off-site disposal plan for treated or untreated groundwater 

would have to be operational for a period cf at least 20 
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years on a continuous basis in order to complete the remedi-

al action. If the extraction process were forced to cease 

because of the termination of a disposal or alternate use, 

the contaminant plume could start migrating and dispersing 

again, thus lengthening the reclamation time projections and 

increasing costs. In addition, the costs of identifying a 

replacement disposal method or alternative use and con

structing new pipelines and/or other facilities are so sig

nificant that evaluating the 20-year reliability factor is 

an important consideration. 

If the water is extracted from the aquifer and not 

treated to remove the contaminants, the costs of a treatment 

facility-will be avoided. However, the water disposal 

options under this alternative are limited by the need to 

prevent the contaminants from re-entering potable water sup

plies. Treating the water expands the possibilities for 

disposal or use, including the option of recharging treated 

water back into the aquifer from which it was withdrawn. 

Preliminary reclamation wellfield design indicates 

that the reclamation wellfield could be operated at a maxi

mum withdrawal rate of about 2,000 gpm (gallons per minute) 

for any use or disposal of extracted groundwater that does 

not involve recharge of water back into to the aquifer from 

which it was withdrawn. About 20 years would be required 
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for removal of the contaminated groundwater at a continuous 

pumping rate of 2,000 gpm. If the reclamation wellfield is 

operated in conjunction with recharge of the water via 

recharge wells, however, a withdrawal 

gpm could be maintained. Preliminary wellfield design indi

cates that about 10 years would be necessary for removal of 

the contaminated groundwater at a continuous pumping rate of 

4,200 gpm. 

The operation of a reclamation wellfield will 

result in drawdown impacts in the regional aquifer in the 

area of AFP 44. Drawdown estimates based on preliminary 

reclamation wellfield design indicate that after 20 years of 

pumping without artificial recharge five feet of drawdown in 

t-h<> r"'g-inn<>l "q11if.,.,- might- occur as far north as Drexel Ave-

nue. However, preliminary drawdown estimates based on com

plementary reclamation and recharge wellfield designs 

indicate that after ten years cf pumping at 4,200 gpm, less 

than one foot of drawdown in the regional aquifer would 

occur north of Los Reales Road. In addition to achieving an 

optimum pumping rate for the reclamation wellfield, artifi

cial recharge of the aquifer would minimize drawdown 

impacts. 

Surface discharge of the water would require that 

it be transported from the wellfield to a distribution point 
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for industrial, agricultural, municipal, or domestic use. 

In developing these alternatives, the use of untreated water 

for industrial and irrigation purposes was considered. 

Extensive studies would be required to determine the fate of 

the volatile organics TCE, TCA, and DCE in water used for 

industrial purposes such as cooling towers, or as process 

water for copper mines. The fate of the volatile organics 

in the water used as irrigation water for golf courses or 

agricultural crops would also have to be determined. Exten

sive studies would be required to guarantee that secondary 

contamination of the groundwater system would not occur 

after industrial or agricultural use of the water. Expen

sive control systems may need to be constructed to prevent 

or limit such contamination. Transport of the water through 

canals or pipelines to the point of use also creates an 

opportunity for secondary contamination due to leaks, 

breaks, or other integrity problems with the conveyance 

structures during transport of the water. The Arizona 

Department of Health Services (ADHS) regulations adopted 

pursuant to Arizona statutes require the maintenance and 

protection of surface and groundwater quality so as not to 

impair the uses which have, are, or will be made of the 

water for every purpose. The risks of secondary contam

ination of the groundwater system inherent in transport and 
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use of untreated groundwater appear to outweigh the economic 

benefit of non-treatment of the water. Nevertheless, 

several alternative disposal options for untreated ground-

water are discussed ,..__,.., ..... l'.T ; ...... 
u..:::..1..uw L,&.1. Section 

tural uses are not included since it would be almost 

impossible to prevent some contamination of water supplies 

with this usage. 

All of the following options that do not include 

recharge via wells will require the expenditure of about 

$1,654,461 in capital costs and $133,000 per year in operat

ing and maintenance costs (1984 dollars) to build and oper

ate a wellfield with a minimum of 17 wells, 5.8 miles of 

collector pipeline, and necessary electrical feeders and 

~ontrols in the immediate vicinity of AFP 44 for a period of 

at least 20 years. The method of operation of the wellfield 

and the level of contamination to which the aquifer would be 

restored would be the same for all of the ~i~pn~~1 ~,rPrn~-

tives discussed below. 

1. Disposal of Untreated Groundwater 

a. Direct Discharge to Public Sewer System 

This alternative involves. pumping the groundwater 

to Pima County's Roger Road sewage treatment facility via a 

pipeline as shown on Figure 3. The cost of constructing the 

pipelines and pumping stations necessary for this alterna-
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tive has been estimated at $4,300,000 and the annual operat

ing cost would be about $800,000. The costs of any capital 

improvements to the existing Roger Road Treatment Plant that 

would be needed to handle the increased sewage flows and to 

provide for any treatment required at that facility prior to 

subsequent discharge of the water are unknown, and the costs 

of acquiring necessary right-of-ways have not been calcu

lated. 

In the absence of treatment, the conveyance of 

contaminated groundwater to the public sewer system would 

create further disposal problems, most of which would only 

increase risks of harm or threat of harm to the public 

health and welfare and the environment. Failure to recharge 

the aquifer from which the groundwater has been extracted 

would also result in a non-productive depletion of a water 

resource and in undesirable water level declines in the 

area. Such effects would be inconsistent with the goals and 

requirements of the Tucson Active Management Area ground

water management plan. These water level declines could 

affect nther water users in the area, and might affect other 

groundwater remedial action programs undertaken downgradient 

from AFP 44. 

A permit to discharge to the Pima County Waste

water System and a Poor Quality Water Withdrawal Permit from 
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the Arizona Department of Water Resources may be required. 

Additionally, pipeline easements for approximately six (6) 

miles of piping and lift station sites would have to be 

acquired. 

Construction of a pipeline to carry the untreated 

groundwater to the Roger Road Treatment Plant is technically 

possible without causing a significant impact on current 

land use patterns or creating new major sources of air or 

water pollution.· However, since the pipeline would be 

located Glong the Santa Cruz River, there is a possibility 

of flood damage to the pipeline sometime during the 

projected 20-year lifespan of the project. 

Dilution of the contaminants from the extracted 

their concentrations to acceptable limits. However, the 

Director of the Pima County Wastewater Management Department 

has indicated that the Department would not accept untreated 

groundwater, and in any event, the treated wastewater from 

the Roger Road facility is dumped into the Santa Cruz 

riverbed and eventually recharges to the regional aquifer, 

thus creating the possibility of secondary contamination. 
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b. Inj_ection of Untreated Water t~ __ i!__Cq_n-

tainment Strata 

This alternative would entail pumping the 

extracted, untreated groundwater into a deep geologic strata 

where containment would be assured. Precise cost figures 

for this alternative are unknown. Nevertheless, the cost of 

such recharging of untreated groundwater would be signif

icantly higher than the cost associated with recharge of 

treated groundwater into the same aquifer from which it was 

withdrawn since this alternative would require construction 

of wells into a deeo eeoloeic strata below the reeional 
-- ··---- ----- - ---~ ~----fi,,,;;11-- -------- ------ ---- -- ..... -- --

aquifer system. Additional and potentially significant 

costs might be required to locate a suitable containment 

strata. 

This disposal alternative would obviously require 

further hydrogeologic investigation in order to identify a 

geologic strata into which the untreated groundwater could 

be recharged without risk of contaminating usable aquifers. 

Failure to recharge the aquifer from which the groundwater 

had been withdrawn would also result in drawdown impacts in 

the area of AFP 44, and could adversely affect other remedi

al actions undertaken in the TIA area and other uses of the 

aquifer downgradient. Although removal of contaminated 

groundwater would provide for the immediate elimination of 
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any further migration of the plume, this benefit is out

weighed by the other adverse environmental impacts and costs 

associated with this alternative. 

Reinjection technology has been verified in prac

tice. Nevertheless, in the absence of data as to the depths 

and hydrologic parameters of deep strata into which the 

untreated water would have to be recharged, if such an area 

exists in the vicinity of AFP 44, the construction and oper

ation of such a reinjection system could pose considerable 

engineer~ng difficulties. Furthermore, injection of the 

contaminated groundwater could require an Underground 

Injection Control Permit, as well as a permit from the 

Arizona Department of Health Services under the regulations 

at A.C.R.R. § R9-20-200 et~. and could be prohibited by 

the substantive standards of such regulations altogether. 

c. Solar Evaporation 

The untreated groundwater extracted from the 

aquifer could be discharged into holding basins for solar 

evaporation. As a practical matter, an area of land suit

able for such use is not available, especially since the 

rate at which groundwater must be extracted would result in 

a requirement for extremely large evaporation basins . 
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d. Disposal at_a Permitted Hazard~u~_W_ii_s_te 

Treatment Facility 

As is the case with solar evaporation, this alter-

native is also not practical. The nearest existing permit

ted disposal sites are located in California. Recent amend

ments to the Resource Conservation Recovery Act prohibit the 

disposal of free liquids containing hazardous wastes in 

landfills. In any event, the cost and logistics of trans

portation associated with the scale of activity required 

under this alternative are prohibitive. 

2. Alternative Uses For Treated Groundwater 

Twelve alternatives for the surface discharge or 

beneficial use of treated water from the proposed reclama

tion wellfield are evaluated below. For most of the alter

native uses, water which is currently being pumped from 

existing wells could be replaced by water from the reclama

tion wellfield. The reclamation wellfield cannot be pumped 

at a rate less than 2,000 gpm and efficiently reclaim con

taminated groundwater. Hence, any proposed water use must 

be capable of accepting 2,000 gpm on a continuous basis. 

Preliminary reclamation wellfield design and simulations 

indicate that about 20 years of continuous pumping would be 

necessary for aquifer restoration. Accordingly, another 
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criterion for use of the treated water is an operational 

life of at least 20 years. 

A third criterion for an acceptable alternative 

use is consistency with the substantive standards of the 

A-ri 7nn<i C:-rn11nrit.1<it-P-r M<in::tgPmPnt: Art- ::tnci t-hP T11r<:::nn Active 

Management Area groundwater management plan. Certain uses 

could be prohibited by law and may be inconsistent with rel-

evant substantive standards. Certain surface discharge 

alternatives might require or be inconsistent with the regu

latory standards under the State Groundwater Protection Per-

mit. For discharge to a surface water source, consistency 

of the use under the National Pollution Discharge Elimi

nation System (NPDES) may be relevant. 

The costs discussed earlier for constructing and 

operating a reclamation wellfield would remain constant for 

these alternatives. In addition, this alternative would 

require the construction of a centrally-located groundwater 

treatment plant at AFP 44. Capital costs of constructing 

the treatment plant would be approximately $10,635,579, and 

annual operating and maintenance costs for a 20-year period 

would be $6,860,000 in 1984 dollars. These costs would also 

be constant for all the alternatives except recharge. The 

level of treatment and extent of aquifer restoration would 

be the same for every treatment alternative to be discussed. 
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a. Direct Discharge to Pima County Sewer 

System 

Subsequent to treatment, the extracted groundwater 

would be pumped into the sewer system for transport to a 

Pima County sewage treatment facility. Implementation of 

this alternative would require construction of a pipeline 

and pumping stations from the treatment plant to the main 

trunk line of the sewer system which is located about six 

miles northwest of AFP 44. (See Figure 3). The cost of 

construct,ing the necessary pipelines and pumping stations 

has been estimated at $4,300,000. Annual operating costs 

for the water conveyance system are estimated to be about. 

$800,000. The cost of acquiring necessary right-of-ways for 

the pipeline construction and sites for the pumping stations 

have not been calculated. 

The Director of the Pima County Wastewater Manage-

ment Department has indicated that the county probably could 

not accept an inflow of 2,000 gpm because the county treat

ment plant is currently operating at near capacity. Pursu-

ant to Pima County Industrial Wastewater Ordinance No. 

1982-154 and No. 1983-5, the Director has set the acceptable 

TCE, TCA and DCE treatment levels for discharge into the 

sewer system. The Director has set the limit as 

non-detectable as defined by the EPA (U.S. Environmental 
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Protection Agency). The EPA approved Method 601 for analyz

ing purgeable halocarbons defines non-detectable as 0.03 

ug/1 (micrograms per liter) for TCA, 0.12 ug/1 for TCE, and 

0.13 ug/1 for DCE. These limits for TCE, TCA and DCE are 

lower than EPA's proposed standards for drinking water. 

Discharge of water which meets or exceeds drinking water 

quality into the sewer system would be neither 

cost-effective nor consistent with the groundwater manage

ment plan. Further aspects of this option are included in 

the prev\ous section on the direct discharge of untreated 

water to the sewer system. In addition, this plan has lit

tle merit since the same end result of discharging to the 

Santa Cruz riverbed could be accomplished closer to AFP 44 

at lower cost. 

b. Industrial Use By Tucson Electric Power 

Company Irving Road Station 

Treated groundwater from th~ reclamation wellfield 

would be pumped to the Tucson Electric Power Company 

(TEPCO), Irvington Road Station for use as cooling water. 

TEPCO currently pumps water from wells at the Irvington Road 

Station to supply the water needs at the site. The majority 

of this pumping could be replaced by water from AFP 44. 

Pumping would have to continue from the TEPCO wells for 

domestic supply at the Irvington Station. 
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Implementation of this alternative would require 

construction of a pipeline and pumping stations from AFP 44 

to the TEPCO site, a distance of about six miles. The cost 

of constructing the necessary pipelines and pumping stations 

has been estimated to be $3,500,000. Annual operating costs 

for the water conveyance system are estimated to be about 

$400,000. Pipeline easements and sites for the pumping 

stations are not included in these estimates. 

The total dissolved solids (TDS) content of the 

groundwater beneath AFP 44 is, in general, greater than the 

TDS of the water from the Irvington Station wells. This 

fact might result in greater water consumption at the 

Irvington Station as the water could be circulated through 

the cooling towers fewer times. Water from the Irvington 

Station is eventually discharged to the county sewer system. 

Mr. R.W. Sarau, Assistant Vice President for Power Produc-

tion at TEPCO, has stated that TEPCO believes this alterna-

tive impractical and unwarranted. 

c. Industrial Use by AFP 44 

Treated ~.1.uuudw'1.tc::L· f1.·uu1 the reclamation wellfield 

could be used to supply industrial water for AFP 44. This 

use would replace pumping from City of Tucson wells current-

ly supplying water to AFP /_ /_ 
'+'+ • 
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Implementation of this alternative would require 

construction of pipelines on site. (See Figure 4). The 

cost for constructing pipelines has been estimated at about 

$130,000. Annual operating and maintenance costs are esti

mated at about $15,000. 

The industrial water requirements of AFP 44 have 

been significantly reduced by the operation of AFP 44's 

Industrial Wastewater Treatment Plan which recycles approxi

mately 75% of all industrial process waters. Accordingly, 

AFP 44's ,demand would be for only about 310 gpm of the 2,000 

gpm which would be produced by a reclamation wellfield oper

ating without recharge wells. It would be inconsistent with 

the goal of aquifer reclamation to pump the the wellfield 

only at the rate at which AFP 44 could use the water. To 

implement this alternative, an additional use for the major

ity of the pumped water would be required. 

d. Industrial Use by ASARCO Copper Mine 

Treated groundwater from the reclamation wellfield 

could be pumped to the ASARCO pumping station for industrial 

use at the ASARCO copper mine. Wells currently being pumped 

by ASARCO for industrial water supply could be retired. 

Implementation of this alternative would require construc

tion of a pipeline and pumping stations to ASARCO's pumping 

station located at Pima Mine Road and U.S.Interstate 19, a 
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distance of about 7.5 miles. (See Figure 5). Water from 

the reclamation wellfield would be connected to the existing 

18-inch pipeline which pumps water to the mine for process 

water, dust control and fire protection. A second smaller 

diameter pipeline would be constructed to the ASARCO plant 

site to transport water from existing ASARCO wells for 

domestic uses. The second pipeline would be about 3.5 miles 

long, and would also require a pumping station. 

The cost of constructing the necessary pipeline 

and pumping stations has been estimated to be about 

$5,700,000. The annual operating and maintenance costs have 

been estimated at about $800,000. The costs for acquiring 

the necessary right-of-ways and sites for pumping stations 

have not been estimated. 

Historic water use at the ASARCO mine has been 

about 3,500 gpm. However, the 20 year reliability of a con

tinuous water demand for the copper mine is questionable. 

e. Irrigation Use by Farmers Investment 

Company 

Treated groundwater from the reclamation wellfield 

would be pumped to Farmers Investment Company (FICO) distri

bution system for use as irrigation water on FICO's 

Sahuarita Farm. About 13 percent of the water currently 

pumped by FICO could be replaced by water from AFP 44. 
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Implementation of this alternative would require construc

tion of a pipeline and pumping stations from AFP No. 44 to 

the FICO distribution system located in the northeast 1/4 of 

Section 3, Township 19 South, Range 13 East, a distance of 

about 21 miles. (See Figure 6) 

The cost of constructing the pipeline and pumping 

stations has been estimated to be about $11,400,000. Annual 

operation and maintenance costs have been estimated at about 

$2,300,000. The cost for acquiring pipeline easements and 

sites for, pump stations are not included in these cost esti-

mates. 

Water demand for irrigation use at Sahuarita Farms 

would not be continuous as water use is minimal for three or 

four months every year. Significant new irrigation uses of 

groundwater would be inconsistent with the provisions of the 

AGMA and the TAMA groundwater management plan. In addition, 

the guaranteed continuation of water demand for 20 years 

could be questionable due to the pressures of urban expan

sion. 

f. Irrigation Use by Papago Indian San 

Xavier Reservation 

Treated groundwater from the reclamation wellfield 

would be pumped to the San Xavier Reservation distribution 
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system for use as irrigation water on the reservation. 

Water currently pumped from the reservation for irrigation 

use could be replaced by water from AFP 44. Implementation 

of this alternative would require construction of a pipeline 

and pumping station from.AFP 44 to the San Xavier distribu

tion system located in the northwest 1/4 of Section 2, Town

ship 16 ~outh, Range 13 East, a distance of about five 

miles. (See Figure 7). 

The cost of constructing the pipeline across the 

Santa Cruz River and the pumping station has been estimated 

to .be about $2,800,000. Annual operation and mai_ntenance 

costs have been estimated at $450,000. The costs for 

acquiring pipeline easements and a site for the pumping sta

tion are not included in this cost estimate. 

Use of the reclamation wellfield water for irri

gation of crops would be seasonal and would not meet the 

r'l"if-P'l"inn nf t-nnt-inttntts nsp_ The ,-eclam::i.tion wellfield must 

be pumped continuously to effectively curtail migration of 

contaminants downgradient. 

g. Irrigation Use for Golf Courses 

Treated groundwater from the reclamation wellfield 

would be pumped to two golf courses for irrigation use. The 

golf courses cons~dered for this application are the golf 

course at Davis-Monthan Air Force Base, and the City of 

.. 
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Tucson Fred Enke Golf Course. Water currently being pumped 

for these uses could be replaced by water from AFP 44. 

Implementation of this alternative would require construc

tion of a pipeline and pumping stations from AFP 44 to the 

golf course water distribution systems. For the 

Davis-Monthan Golf Course, the point of use is T. 14 S., R. 

14 E., Section 36, and for the Fred Enke Golf Course, the 

point of use is T. -14 S., R .. 15 E., Section 33. (See Figure 

8). The Fred Enke Golf Course is about 13 miles from the 

site of ~he proposed treatment plant at AFP-44. About 22 

miles of distribution pipeline would be needed to distribute 

water to both golf courses and to satisfy pipeline 

right-of~way requirements. 

The cost of constructing the pipeline and the 

pumping stations has been estimated to be about $3,700,000. 

Annual operation and maintenance costs have been estimated 

at about,$250,000. The cost estimate does not include 

acquisition of pipeline easements or sites for the pumping 

stations. 

Disruption of traffic and lifestyles would occur 

in south-central Tucson during construction since the pipe

line would traverse urban areas and.arterial roadways. 

Acquiring right-of-ways and coordinating with other utili-

. . 
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ties in an urban area such as this would be very expensive 

and time consuming. 

The combined water use for both golf courses is 

about 600 gpm, or less than one-third of the water which 

would be pumped by a reclamation wellfield without recharge. 

Irrigation water is not applied continuously to the golf 

courses, hence storage facilities would be necessary. Irri

gation use for golf courses would not satisfy either the 

criterion for continuous demand or the criterion of suffi

cient water demand for an alternative use for the reclama

tion wellfield water. 

h .. Recreational Use for the Proposed Santa 

Cruz.River Park 

Treated groundwater from the reclamation wellfield 

would be pumped to a recreational impoundment along the 

Santa Cruz River. The Santa Cruz River Park is scheduled 

for completion to Ajo Road by 1989. Implementation of this 

alternative would require construction of a pipeline and 

pumping station from AFP 44 to a recreational impoundment 

downstream from Aj o Road·. ( See Figure 9). 

The cost of constructing the pipeline and the 

pumping stations has been estimated to be about $4,700,000. 

Annual operation and maintenance costs are estimated at 

about $540,000. The cost of acquiring pipeline easements 
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and sites for construction of the pumping stations has not 

been included. 

The master plan for the Santa Cruz River is to 

complete the park system to the San Xavier Reservation. It 

is anticipated that the southernmost section of the park 

will _be completed by 1994. The possibility of changing the 

construction order of the park matrices for utilization of 

reclaimed water in a southern section of the park was con

sidered. Further evaluation of the Santa Cruz River Park 

alternat~ve ceased in June, 1984 after the.City of Tucson 

Water and City of Tucson Parks and Recreation Departments 

held a meeting to discuss the potential use of reclaimed 

water from AFP No. 44 for the Santa Cruz River Park. Their 

conclusions were: (1) 2,000 gpm would be less than required 

for water recreation opportunities; (2) major .storage facil

ities would be required for effective use as irrigation 

water for the park; (3) reclaimed effluent will tentatively 

be available for the park in about 1989 providing the same 

benefit to the park_on a long-term basis; and, (4) water 

quality at the target treatment levels could offer greater 

benefits at lower cost for other uses. 

i. Groundwater Recharge to the Santa Cruz 

River 

Treated groundwater from the reclamation wellfield 

• 
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would be pumped to the Santa Cruz River and allowed to 

percolate into the river bed to recharge the regional 

aquifer. Implementation of this alternative wouid require 

construction of a pipeline from AFP 44 to the Santa Cruz 

River. (See Figure 10). 

The cost of constructing the pipeline has been 

estimated to· be about $2.100.000. Annual operation and 

maintenaQce costs are estimated at about $290,000. The cost 

of acquiring pipeline right-of-ways has not been included in 

this cost estimate. 

The use of the reclaimed water for surface dis

charge into the Santa Cruz River and subsequent recharge of 

the regional aquifer would require a recharge efficiency 

analysis from the ADWR. A NPDES Permit may also be 

required. Discharging water of drinking quality into the 

Santa Cruz River is not consistent with the State's ground-

water management plan b~cause more efficient· methods of 

aquifer recharge can be implemented at comparable costs. 

j. Drinking Water Supply For Davis-Monthan 

Air Force Base 

Treated groundwater from the reclamation wellfield 

would be pumped to Davis-Monthan Air Force Base for use as 

drinking water. The water from wells c~.rrentlY pumped to 

supply drinking water at the Air Force Base could be 

• 
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replaced,by the reclaimed water. Implementation of this 

alternative would require construction of a pipeline and 

pumping stations from AFP 44 to the Davis-Monthan drinking 

water. system. The distribution point would be a 12-inch 

· pressurized pipeline at Craycroft and Comanche in Section 

26, T. 15 S., R. 14 E. (See Figure 11). 

The cost of constructing the .pipeline and the 

pumping stations has been estimated to be about $3,900,000. 

Annual operation and maintenance costs are estimated at 

about $3&0,000. The cost of acquiring pipeline easements 

and sites for construction of the pumping stations has not 

been included.· 

Disruption of traffic patterns and lifestyles 

would occur in south-central Tucson during construction 

since the pipeline traverses urban areas and arterial 

roadways. 

Davis-Monthan Air Force Base currently has grand

fathered rights to about 2,500 acre-feet per year. Water 

demand at the Base is only about 1,550 gpm. As 2,000 gpm 

could not be used on a continuous basis at the Air Force 

Base, storage facilities would have to be constructed. 

Water demand at the Base would not satisfy either the crite

rion of continuous.demand, or of sufficient demand for an 

alternative use for reclamation wellfield water. 

• 
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k. Municipal Water Supply For the City of 

Tucson 

Treated groundwater from the reclamation wellfield 

would be pumped to a distribution point in the City of 

Tucson Water Department.pipeline for use•.in th~ municipal 
. ! 

,water supply. Water currently pumped from City of Tucson 

Water wells could be replaced by water from the AFP 44 rec

lamation wellfield. Implementation of this alternative 

would require construction of a pip~line'to City of Tucson 

well sc-1: (See Figure 12). 

The cost of constructing the pipeline has been 

estimated to be about $700,000. Annual operation and main

tenance costs are estimated at about $110,000. 

The City of Tucson Water distribution system at 

well SC-7 can accommodate'3,000 gpm. Interruptions to the 

flow of water.into the City system would be acceptable if 

advance notice were given to City of Tucson systems opera

tors. Tucson Water would require some guarantee that all 

federal, state and county regulations for drinking water 

standards would be met for the life of the wellfield. 

After reviewin~ prior drafts of this Remedial 

Action Plan for AFP 44, a·letter was received from Tucson 

Water which endorsed the alternative of recharging the 

reclaimed wate~ via wells., The ieasons stated were: (1) to 
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simplify legal considerations; (2) to minimize the drawdown 

impact north of Los Reales Road where the Tucson Groundwater 

Contamination Task Force is investigating groundwater con

tamination; and, (3) to permit the most rapid implementation 

of a remedial action at AFP 44. 

1. Groundwater Recharge by Percolation 

Ponds 

Treated groundwater from the reclamation wellfield 

would be pumped to percolation ponds on AFP 44 for recharge 

to the regional aquifer. Implementation of this alternative 

would re~uire construction of about 25 acres of· percolation 

ponds and pipelines from the treatment plan to the ponds. 

The cost of constructing the ponds and pipeline 

distribution system has been estimated to be about 

$3,600,000. Annual operation and maintenance costs are 

estimated at about $300,000. Compl~ance with the substan

tive standards of the State Groundwater Protection Permit 

program and NPDES regulations might be necessary. 

The percolation ponds would be built on AFP 44 and 

could only be built in areas that would not conflict with 

existing facilities or planned new construction. The 

recharge efficiency of ponds on AFP 44 would probably be 

poor due ~n ~hP nvPr~ll low permeability of the alluvial 

sediments occurring above the water table at the plant site. 

• 
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The recharge efficiency of the ponds would decrease with 

time due to the clogging effects of algae growth and 

sedimentation. The ponds would have to be dried out and 

scraped periodically. Evaporation from the ponds would also 

occur. The percolation ponds do not provide an optimal 

recharge system as they would only provide limited miti

gation of the drawdown impacts in the regional aquifer. 

m. Direct Recharge Water Use Alternative 

For evaluation of the direct recharge alternative, 

the firs 4 two of the three criteria used for evaluating 

treated groundwater alternatives do not apply. The pumping 

rate for the reclamation wellfield can be increased to 4,200 

gpm as the aquifer can sustain higher pumping rates with the 

recharge wells operating. The recharge well alternative 

would be able to accommodate the 4,200 gpm as the reclama-. 

tion and recharge wellfields would be designed concurrently 

to provide optimum withdrawal and recharge rates for the 

system.' The total operating time of the reclamation system 

can be reduced as compared to the surface discharge alterna

tives, thus providing for a faster clean up. The opera-

tional life of the recharge well system would be the same as 

the reclamation wellfield system. Recharge wells have a 

long history of use in both groundwater management and 

petroleum recovery. 
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The third criterion for evaluating the alterna

tives, consistency with the State's groundwater management 

plan, will also be satisfied by the direct recharge alterna

tive since this program would minimize drawdown impacts, 

contribute to the attainment. of safe-yield and help prevent 

further degradation of groundwater quality. 

Treated groundwater from the proposed reclamat,ion 

wellfield would be pumped to a system of recharge wells 

located on 6r adjacent to AFP 44. Implementation of this 

alternatj,ve would require construction of about 16 recharge 

wells and the distribution pipelines from the treatment 
, 

plant to the wells . 

The cost of constructing the necessary pipelines 

.and recharge wells has been estimated at about $2,600,000. 

·Annual operating and maintenance costs are estimated at 

about $110,000. 

For construction and operation of the recharge 

wells, an underground injection control permit from the EPA 

may be:· necessary. The recharge well alternative is cons is -

tent with the State's groundwater management plan as the 

drawdown impacts to existing and.potential water users would 

be minimized. 
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E. Cost and Feasibility Comparisons 

Tables 2 and 3 provide comparisons of the costs 

and technical feasibilities of all the remedial possibil-

ities that .have been previously considered. The following 

two sections explain how these tables were derived; and 

tables 5 through 15 plus the report Conceptual Study for 

Treatment of Reclaimed Water at USAF Plant No. 44 Phase III 

Results, Malcolm Pirnie, Inc .. , February, 1984, all in the 

Appendix, break down the listed expenditures of-table 2 in 

much greater detail . 

. 1. The table "Project Alternatives Cost Compar

ison Sheet" has been designed to allow a rapid comparison of 

the total costs of all the project alternatives while still 

providing as much detail as possible on the derivation of 

these co~ts; 

· Question marks have been inserted where data are 

not adequate to estimate co~ts. · The amount of water in gal

lons-per-minute that each alternative is designed for is 

determined by hydrologic limitations on the maximum 

long-term pumpage rate. Those alternatives with less than a 

2,000 gpm rate are limited by their speci~ic usage and would 

have to be combined with another alternative to provide a 

system with.the ability to distribute 2,000 GPM or more. 

For this reason, those costs that would be duplicated in 
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TABLE 3 

TECHNICAL EVALUATION OF PROJECT ALTERNATIVES 

IMPLEMENT·· 
PROJECT ALTERNATIVE !PERFORMANCE RELIABILITY ABILITY SAFETY TOTAL 

NO ACTION l 5 5 l 12 

CONTAINMENT BY IMPERV. BARR. l l l l 4 

WITHDRAWAL WITI-IOUT TREATMENT 
DISCH. TO PUBLIC SEWER SYSTEM l 3 2 2 8 

REINJECTION OF UNTREATED WATER l 2 l 2 ·6 

SOLAR EVAPORJ\TION 2 2 l 2 7 

DISPOSAL AT A PERMITTED 
HAZARDOUS WASTE TREATMENT FAC. l 2 l - 2 6 

WITHDRAWAL WITH TREATMENT 
DISCH. TO PUBLIC SEWER SYSTEM 2 3 2 3 10 

AFP 44 •INDUSlrRIAL USE l 4 5 2 12 

IND. USE BY llSARCO COPPER MINE 3 2 3 3 11 

IRRIGATION B)r FARMERS INVEST. CO. 2 • 2 2 3 9 

IRRIGATION B)r PAPAGO INDIANS 3 2 4 4 13 

IRRIGATION B)r GOLF COURSES l 2 2 2 7 

RECREATIONAL WATER USE AT PARK 3 3 2 3 11 

RECHARGE TO SANTA CRUZ RIVER 3 4 4 4 15 

DOMESTIC USE BY DAVIS-MONTHAN 2 3 2 2 9 

DOMESTIC USE BY CITY OF TUCSON 3 5 5 4 17 

RECHARGE THRU PERCOLATION 2 2 3 
l'v 

4 11 0 

RECHARGE THRU RECHARGE WELLS 5 4 4 5 18 """"'4 
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such a combined system are not shown, nor are the total 

costs for those alternatives. · An economic assumption has 

been made that the rates of inflation and return on invest

ment would be approximately equal over the lifetime of these 

projects. This greatly simplifies the computations of costs 

in constant 1984 dollars. 

A detailed description of each column listing fol

lows: 

a. Capital for Reclamation Wellfield. This 

column shows the cost for design and construction of the 

groundwater reclamation wellfield. This cost includes well 

construction and development, pumps, variable frequency 

drives (VFDs), buildings at the well sites, an interconnect

ing system of pipelines, electrical power supply construc

tion, and all other equipment required to extract 

groundwater at a rate of approximately 2,000 or 4,200 gal

lons per minute and deliver it to the treatment plant. The 

higher design pumping rate will require a more complex rec

lamation wellfield. 

b. Capital For Treatment Plant. This is 

the cost for design and construction of a treatment plant to 

remove _contaminants from the water delivered by the reclama

tion wellfield. The treatment plant cost includP~ the car

bon adsorption system, stripping columns, chemical mixing 
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tanks, pressure filters, clearwell, clarifiers, tanks, fil

ters, compressors, presses, control building, control com

puter, pumps, VFD's, interconnecting piping, electrical 

power supply, and all support materials required to treat 

the water and reduce concentrations to the target treatment 

levels. 

c. Capital For Water Disposal System. This 

is the cost ~or design and construction of the water dis-

. posal systems to deliver the treated water to the specified 

application. This cost includes all piping from the treat

ment plant to the site of water disposal, pumping booster 

stations (pumps, VFD's, building), electrical power supply 

and other. equipment required to deliver water to the site. 

The "Recharge through Percolation" alternative includes the 

construction of percolation ponds and the "Recharge Through 

Recharge Wells" alternative includes well construction and 

development costs. 

d. A+B+C Total Capital Investment. This 

column shows the sum of Columns A, Band C, arid is the total 

cost for design c111d <.:u1ustx-u1.,;tiu11 of _all the facilities 

needed for each application. 

e. Lifetime (20 years) Operating Costs for 

the Reclamation Wellfield in 1984 Dollars. This is the 

amount required to run the reclamation wellfield for 20 

a 
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years with no cost escalation and includes electric power, 

maintenance and operator's labor, and replacement or repair 

of all equipment in the reclamation wellfield. 

f. Lifetime (20 years) Operating Costs For 

the Treatment Plant System in 1984 Dollars. This is the 

20-1 

amount required to run the treatment plant for 20 years with 

no cost escalation and includes electric power, chemicals, 

maintenance and operator's labor, sludge disposal, and 

replacement or repair of all equipment in the treatment 

plant. 

g. Lifetime (20 years) Operating Cost of 

the Water Disposal System in 1984 Dollars. This is the 

amount required to run the water disposal system for 20 

years wit.h no cost escalation and includes electric power, 

maintenance and operator's labor, and repair or replacement 

of all equipment in the system. 

h. Total Lifetime (20 years) Operating 

Costs in 1984 Dollars. This is the sum of Columns E, F and 

G and is the total cost for maintaining and operating the 

reclamation wellfield, treatment plant, and water disposal 

systems with no cost escalator. 

i. D+H Total Cost in 1984 Dollars. This 

column shows the total cost of design, construction, operat-

.. 
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ing and maintenance of each of the alternative systems for 

20 years with.no cost escalation. 

2. The table "Technical Evaluation of Project 

Alternatives" quantifies the preceding discussions on the 

project alternatives by ranking each option on a l-to-5 

scale in the following categories: , 

a. Performance. A score of 5 indicates the 

highest level of feasibility to solve the stated problem in 

the most efficient, cost-effective, and timely manner possi

ble. 

b. Reliability. A high score would relate 

to both the mechanical and structural dependability of the 

system and the projected consistency of use of the water 

disposal option. 

c. Implementability. The high score would 

be for a system that demonstrated a relative ease of instal

lation with few technical difficulties or disruptions of 

community activities. A system that would be operational 

quickly would also receive a higher score. 

d. Safetv. A siore of 5 would indicate 

both the least hazardous system to workers and the community 

during construction and operation and the lowest.risk to the 

community over the long term. 
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F. Summary of Aiternative Uses and Conciusions 

The "no action alternative" is not acceptable 

since other remedial options are available which would 

produce greater benefit than harm .. The construction of 

impermeable containment barriers to minimize or prevent fur

ther migration of contaminants likewise appears unacceptable 

since the cost and engineering difficulties may be prohibi

tive given the hydrogeologic conditions in the vicinity of 

AFP 44, and since this alternative would not result in a 

restoratton of the groundwater resource. The alternative of 

not treating extracted water creates a variety of disposal 

problems and other potential adverse environmental impacts, 

including unnecessary drawdown impacts on the regional 

aquifer, which far outweigh the benefits gained from merely 

withdrawing and disposing of contaminated water without 

treatment. 

Since the "no action" and "no treatment" alterna

tives, including plume containment alternatives, raise sub

stantial environmental, engineering feasibility and/or 

cost-effectiveness concerns, only those alternatives which 

entail treatment of contaminated water will receive further 

detailed analysis. 

As to the potential use alternatives for treated 

water discussed above; irrigation use for golf courses, 

• 
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drinking water supply for ·navis-Monthan Air Force Base, and 

industriil use by Hughes Aircraft Company each have insuffi---------~---·-----------.... - .. " .... - -
cient water demani~ Irrigation use of the treated water for 

agricultural purposes at FICO's Sahuarita Farms or at the 

. s·an Xavier Reservation will not receive detailed analysis 

because of their seasonal demand for the water and because 

irrigation uses are potentially inconsistent with or pro

scribed by the Arizona Groundwater Management Act and the 

TAMA groundwater management plans. Industrial use of the 

treated water by ASARCO's copper mine is not a viable alter

native because continued water demand for 20 years cannot be 

assured. Industrial use by TEPCO, recreational use by the 

Santa Cruz River Park, and municipal use by the City of 

Tucson are not favored by the companies or agencies 

involved. In any event, all of the potential ·alternative ------- - -- - ...... ______ .. ____ ,. ______ _ 
uses for treated water, whether considered individually or 

collectively, have the additional disadvantage of doubling --·-·. ---· . -··---··-••··-······ '"· , .. -·- ···•·· .... . 

the required operating life of the reclamation program since 
• •·• • •• • •· ~h ......... .. 

the maximum groundwater extraction rate is dramatically 

reduced in ~~-e-\'~b:~~~~;t=~~if:~-~-~~fii~~e-,L 
.... - .. 

Direct discharge to the sewer system of the 

treated water is not a viable alternative, as. treatment of 

the water to target treatment levels for discharge into the 

sewer system is not consistent with the State's groundwater 
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management plan. Direct discharge to the Santa Cruz River 

and recharge by percolation ponds are not consistent with 

the State's groundwater management plan, especially since 

more efficient methods of recharge are available at compa

rable costs. 

Direct recharge of treated groundwater to the 

. regional aquifer via recharge wells is the preferred alter

native. The recharge well alternative is cost-effective; 

ranking third in initial capital investment and second in 

life of p,roject costs among the withdrawal.with treatment 

options. (Table 2). The technical evaluation (Table 3) 

also illustrates the overall advantages .of this choice. The 

alternative of direct recharge via wells would accomplish 

groundwater cleanup in the least amount of time, and with 

the least drawdown impact in the regional aquifer system. 

This alternative is consistent with the State's groundwater 

management plan and is also the only alternative to be 

endorsed by both the EPA and City of Tucson Water Department 

for implementation at AFP 44. 

Tn 1igh~ of the preceding initial screening of 

remedial alternatives, the reclamation, treatment, and 

recharge alternative receive detailed evaluation in the fol-

lowing !=:Prf-";nn_ 
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VII. ANALYSIS AND CONCEPTUAL DESIGN OF A GROUNDWATER RECLA

MATION, TREATMENT AND RECHARGE SYSTEM 

This section provides further evaluation of 

groundwater reclamation, treatment and recharge alterna

tives, and presents a conceptual design for such a program. 

Substantive standards and guidelines developed in the 

National Contingency Plan, the USAF Installation Restoration 

Program (IRP), the National Environmental Policy Act, and 

other relevant federal, state and local environmental stat

utes and regulations are followed and considered. Detailed 

cost-effectiveness, non-cost criteria and public health ana

lyses, as specified in the IRP, have already been discussed 

at some length in Section VI. 

A. Groundwater Reclamation and Recharge Wellfields 

Reclamation and recharge wellfields have been 

studied, designed and field tested as an interactive unit in 

order to maximize the timeliness and cost-effectiveness of 

their operation. The first step in this process was devel

opment of a comprehensive understandings of the hydrogeo

logic characteristics of that portion of the regional 

aquifer where remedial actions are intended and of the man

ner in which the area of contamination is affected by the 

regional hydrologic system. Furthermore, knowledge of the 

specific chemical nature and concentrations of all contam-
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inants that have been introduced into 

has been acquired. EKtensive remedial investigations and 

studies of the groundwater contamination and the 

hydrogeology at AFP 44 have been conducted (as discussed in 

Sections II and II). The results of these efforts have been 

assimilated into a computer model of the hydrogeology at AFP 

44 which projects the effects of different conceptual well

field designs. 

The report Conceptual Study for Treatment of 

Reclaimeq Water at USAF Plant No. 44 Phase.III Results, 

Malcolm Pirnie, Inc., February 1984, presents an initial 

conceptual wellfield design that was developed in 1983 based 

on the data available at the time. Although more recent 

data requires some adjustment to that prelminnry design, 

that design is still generally valid for most areas at AFP 

44. F.or this reason, together with the fact that that 

report contains a detailed analysis of engineering require

ments for the wellfields, the cost elements developed there 

were used for the Cost Comparisons Sheet (Table 2). How

ever, data that has been acquired since 1983 regarding con-

taminant concentrations to the northwest of AFP 44 (as 

discussed in Section II) has made that reports' wellfield 

location design obsolete in certain respects. 
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The following subsections amplify and amend the 

detailed analysis and conceptual design of the wellfield 

presented in the Malcolm Pirnie report in order to account 

for the most recent data available. 

1. Design of Well Locations and Operation 

A new reclamation and recharge wellfield system 

has been recently designed. (Design of Reclamation well-

field, U.S. Air Force Plant No. 44, Tucson, Arizona, Hargis 

& Associates, Inc. March 15, 1985.) Approximately 19 

extraction wells would be constructed at or near the loca

tions shown on Figure 2. Fifteen of the extraction wells 

would be designed to pump contaminated groundwater from the 

upper zone of the regional aquifer, and four wells would be 

designed to pump the more limited area of contaminated 

groundwater from the lower zone. Approximately 16 injection 

wells would be located primarily along the periphery of the 

plume (Figure 2). All but two of these injection wells 

would be completed solely in the upper aquifer zone. 

Although the conceptual design of the wellfield has been 

finalized, the precise number and exact location of wells, 

and the discharge and recharge rates for individual wells in 

the system could change in response to hydrogeologic condi-

tions encountered during 

proposed well sites. 
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Contaminated groundwater will be pumped from the 

aquifer via the extraction wells to the treatment plant, and 

then discharged to the aquifer after treatment via the 

recharge wells. The reclamation wellfield has been designed 

to minimize any further migration of the plume, to assure 

capture of the plume, and to minimize the time required to 

reclaim contaminated water. The recharge wells have been 

designed and located to control groundwater gradients and 

stabilize the plume, to minimize regional water level 

effects qf the reclamation system, to prevent any excessive 

water level declines in the vicinity of extraction wells in 

order to maintain well discharge rates, and to minimize any 

interference with other remedial actions that may be imple-

mented north of Los Reales Road. 

The reclamation wellfield was initially designed 

based on the location of the plume and known hydrogeologic 

conditions, including direction of groundwater movement, and 

lithologic and hydraulic characteristics of the aquifer. A 

fine-grid groundwater flow computer model was developed to 

"fine-tunen the design of the wellfield, to estimate optimum 

pumping and injection rates at individual wells, to assure 

capture of the plume, to predict regional water level 

impacts, and to estimate required clean-up times. The com-

. puter program which was selected for this groundwater flow 
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model is described in Techniques of Water Resources Investi

gations of The United States Geological Survey, Book 7, 

Chapter Cl (Trescott, Pinder and Larson, 1976). This 

two-dimensional finite-difference model was designed to sim

ulate the response of a wide variety of aquifers to hydrau

lic stresses, and is suitable for application to the 

unconfined, heterogeneous aquifer in the area of the pro

posed reclamation wellfield. 

Computer simulations indicate that the optimum 

sustained pumping rate of the extraction wells would be 

about 4,000 gpm from the upper zone of the.regional aquifer 

and 130 to 185 gpm from the lower zone. Individual well 

pumping rates will probably vary between 150 and 400 gpm for 

upper zone wells, and between 25 and 50 gpm for lower zone 

wells. The composite concentrations of TCE, TCA, DCE, and 

chromium that would be discharged to the treatment system at 

the commencement of pumping are estimated to be 400 ug/1, 5 

ug/1, 85 ug/1, and 0.06 mg/1, respectively. 

Computer simulations indicate that approximately 

10 years will be required for operation of the majority of 

the wells in the reclamation wellfield, and that after this 

period, less than one foot of drawdown would occur north of 

Los Reales Road. Approximately two to five pore volumes of 

groundwater would be removed and treated from the area dur-
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ing 10 years of wellfield operation. After 10 years of 

operation, it is possible that small localized zones of con

taminated groundwater would remain which would require oper

ation of selected extraction and recharge wells beyond 10 

years. 

The actual effects of the reclamation system ~n 

water levels and the reduction of contaminant concentrations 

will be determined through systematic monitoring of the 

extracted groundwater quality and by monitor wells located 

in and aqjacent to the area of remedial activity. Final 

designs of the monitoring program will be developed after 

completion of the exact engineering design and specifica

tions of the wellfield. 

2. Design of Engineering Aspects 

The pipelines and electrical conduits for the 

wellfields discussed above have not yet been designed for 

the current plan. However, their general routing and con

struction materials will be similar to the detailed analysis 

in the Malcolm Pirnie Reports since the number of wells and 

their locations are approximately the same. Land leases for 

well locations and right-of-way privileges will need to be 

acquired on Papago Indian Reservation and Tucson Airport 

Authority properties. In addition, a major gas pipeline, 
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railroad property, and the Nogales Highway will need to be 

crossed in several locations. 

Figures 14 and 15 show schematic diagrams of pro

posed wellhead construction. A deaerator unit will be added 

at each recharge well to prevent the introduction of dis

solved gasses into the aquifer which could cause clogging of 

the well. 

The proposed reclamation and recharge wellfield 

design is based on known and proven technologies. Construc

tion of this system presents no peculiar engineering diffi

culties, and the completed system would be a reliable means 

of assuring continued extraction and recharge of groundwater 

throughout the estimated operational lifetime of this pro

gram. Furthermore, the proposed wellfield is designed to 

minimize drawdown impacts in the aquifer, and not to alter 

groundwater gradients outside of the program area. Actual 

known or anticipated additional adverse environmental 

impacts, and routine inspection and maintenance of the sys-

tem will be performed to verify that result. Every phase of 

this system's design and implementation has been and will 

continue to be coordinated with relevant federal and state 

agencies to assure these results. 
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The prnposcd reclamation and n~c:haq;(• w,,11 fir-ld 

will effectively attain the objectives identified in Section 

V of this document in all relevant areas south of Los Reales 

Road. 

B. Groundwater Treatment Alternatives 

Various groundwater treatment alternatives are 

analyzed in the report, Conceptual Study for the Treatment 

of Reclaimed Water at USAF Plant No. 44, Ph~se I & Ph~se II 

Results, Malcolm Pirnie, Inc., September 1983. This report 

describe~ pilot and bench scale tests that were conducted to 

evaluate several treatment technologies, compares the 

results obtained from these testings, and develops a concep

tual design for a groundwater treatment facility. Their 

recommendations for use of a packed column aeration process 

to remove volatile organic compounds and a chemical 

reduction/precipitation process with ferrous sulfate to 

remove chromium are still being included in the current 

study. However, a new ion-exchange method for chromium 

treatment (also discussed in the Malcolm Pirnie analyses) 

has been further evaluated during the Pilot Reclamation 

Project discussed below and will be used as a substitute for 

reduction/precipitation. 

Since the area at AFP 44 of combined chromium and 

volatile organic contamination in the regional aquifer is 
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less than half of the total area containing volatile organic 

contaminants, the extracted groundwater that contains only 

volatile organic compounds will be kept separate in the 

pipeline and treatment systems so that it will only need to 

11nder~o the air striccin~ crocess to attain the target ------~- ---- ---- - - .. .. -'-""' .. - - -
treatment levels. Therefore, the chromium treatment process 

will be designed to a capacity somewhat less than 4,200 gpm 

since it will be receiving only the portion of water that is 

contaminated by chromium. The air stripping process will be 

used to treat all the water to be reclaimed at AFP 44. Fig

ures 16 and 17 show the conceptual location and site plans 

for the central treatment facility. 

C. Pilot Reclamation Project 

A pilot reclamation project, a small scale version 

of the proposed remedial alternative was placed into opera

tion in April 1985 to evaluate well design and operations, 

hydraulic and contaminant-transport responses of the aquifer 

to sustained pumping, contaminant monitoring methods, and 

the efficacy of the proposed air-stripping and chromium 

ion-exchange treatment systems. 

During the pilot program, groundwater has been 

pumped from two reclamation wells, El and E2 (Figure 2), 

treated in a small treatment facility near well El, and 

recharged back into the regional aquifer through wells 11 
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and I2. The data obtained from this field operation have 

confirmed the efficacy of the proposed reclamation, treat

ment and recharge remedial alternative. Specifically, the 

pilot plant has demonstrated the ability: 1) to attain the 

target treatment levels for TCE, TCA, DCE and chromium; and, 

2) to handle and treat the trace levels of other contam

inants that have been found in the plume, including toluene, 

1-2 dichloroethane, chloroform and 1-2 dichloropropane. 

D. Master Schedule 

The time to implement the Remedial Action Plan is 

expected to be twenty-nine (29) months from the go ahead 

date. The following schedule (Table 4) shows the estimated 

sequence and duration of events. 
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E. Scope of th~ __ "ti:-oj ect. 

As described in Section III, significant investi

gative and analytic efforts have been undertaken by the USAF 

to define completely the nature of groundwater contamination 

south of Los Reales Road and to obtain the necessary under

standing of the hydrogeologic conditions in that area. The 

information obtained about that area during the last four 

years nro-.--
posed remedial action which can effectively treat the types 

of contaminants and volume of water found in that area, and 

which can also prevent the highest contaminant concen-

trations of the AFP 44 plume from migrating to the area 

north of Los Reales Road. 

In 1983, the USAF and members of the AFP 44 TRC 

concluded that the USAF should focus its efforts in the area 

south of Los Reales Road based on the determination that 

available evidence supported the conclusion that contam

inants from AFP 44 had not migrated north of that vicinity. 

Accordingly, the FIT team undertook the responsibility for 

investigating groundwater conditions and contaminant sources 

for the area north of Los Reales Road, and for analyzing 

remedial alternatives which might be appropriate for imple

mentation in that area. The FIT investigation is nearly 

complete; its analysis of remedial alternatives is on-going. 
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Based on the data obtained during 1984, the USAF 

concluded that the low concentration, forward edge of the 

AFP 44 contaminant plume had migrated slightly north of Los 

Reales Road, intermingling with a zone of preexisting con

tamination just north of Los Reales Road caused by sources 

other than AFP 44. As noted above, this is the area under 

FIT team investigation and analysis. 

The groundwater reclamation project proposed here 

is directed at the area south of Los Reales Road where the 

source o~ contamination is known to have originated predomi

nantly from AFP 44. The nature and extent of the contam

ination present there are also known to be treatable under 

the processes proposed. Delay in the implementation of the 

program could result in further migration of high levels of 

contaminants into the area of the Superfund study for which 

the appropriate remedial alternatives have not yet been 

identified. 

Accordingly, it is the USAF's belief that the pro

posed reclamation program for the area south of Los Reales 

Road should be implemented as soon as possible. Implementa

tion of this program will prevent further degradation of the 

aquifer, and will have minimum impact on any remedial alter

native selected for the area north of Los Reales Road. In 

the event the FIT feasibility study concludes that a ground-
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water reclamation program is appropriate for the area north 

of Los Reales Road and that the types and concentrations of 

contaminants found there are susceptible to treatment pro

cesses of the kind used at AFP 44, consideration could be 

given to expanding the USAF facilities as a part of the 

Superfund remedial program. 
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VIII. COMMUNITY RELATIONS 

A. Introduction 

This community relations plan has been 

prepared for the Instaiiation Restoration Program (IRP) of 

Air Force Plant 44, Tucson, Ariz. 

The objective of this plan 'is to iden

tify, consider and respond to issues and concerns of the 

Tucson community at large and specifically to the citizens 

who live and work in the vicinity of Air Force Plant 44; to 

establish related community relations efforts and goals; and 

to explain handling of news releases and press queries. 

B. Background 

United States Air Force Plant No. 44 

(AFP 44) is a government-owned contractor-operated defense 

manufacturing facility located in Tucson, AZ. It occupies 

approximately 2,106 acres of land southwest of the Tucson 

International Airport (TIA), and constitutes an extensive 

manufacturing complex of 1,061,104 square feet of floor 

space. 

AFP 44 began operations in 1951 as the 

prime production plant for the Falcon air-to-air missile. 

Since that time, it has been significantly expanded and is 

presently the primary production source for the Army's TOW 

Missile, the Air Force's Maverick Missile, the Navy's 
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Phoenix Missile, and the Marine Gorp. 's Angle Rate Bombing 

System. As the primary production facility for major weap

ons systems for the armed services, AFP 44 is an integral 

part of the national defense effort. 

The plant employs approximately 7,500 

Tucson area residents, has an annual payroll of $190.4 

million and spends nearly $400 million each year for commod

ities from firms in Tucson and throughout the state. 

The main manufacturing complex was con

structed for Hughes by the Del Webb Corp. in 1951. The U.S. 

Government purchased the plant from Hughes that same year 

and awarded Hughes a facilities contract to operate it. 

228 

Before production began, representatives 

from Hughes conferred with the Arizona Department of Health, 

now Arizona Department of Health Services (ADHS), to discuss 

appropriate treatment alternatives for the waste streams 

that would be generated in the manufacturing process. 

These discussions resulted in Hughes 

designing a facility to treat liquids used in the plating 

processes to be employed at AFP 44. The design drawings and 

specifications were approved by ADHS, and the facility was 

immediately constructed and placed into operations. For its 

time, it was regarded by ADHS as one cf the most superior of 

such facilities in the state. 
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This treatment facility continued to 

')')O 
'- ·- J 

operate at AFP 44 until 1977. It was expanded and improved 

a number of times to incorporate the most current waste 

treatment technologies. As was the case with the original 

treatment plant, each upgrade and expansion proposal was 

reviewed and approved by ADHS before it was implemented. 

In response to increasing national envi

ronmental awareness of the late 1960's and early 1970's, the 

Air Force and Hughes assessed the wastewater handling and 

disposal practices at AFP 44 and determined that significant 

improvements should be made. It was decided in 1971 that a 

state-of-the-art "zero discharge" hazardous waste management 

facility should be constructed, that is, a facility which 

would not discharge any contaminants whatsoever into the 

nation's waters. 

Actual design of this new facility began 

in 1974 and in 1975 the completed plans were forwarded to 

ADHS, the Environmental Protection Agency (EPA) and the City 

of Tucson Department of Water and Sewers for review, comment 

and approval. The new facility received enthusiastic 

endorsement from all those agencies and construction began 

immediately. 

The present waste treatment facility has 

been in full-scale operation since 1977. Approximately 80 
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percent of AFP 44's wastewater is treated and recycled for 

use in the process shops. The other 20 percent is lost to 

evaporation. 

The ability to recycle 80 percent of the 

water used in industrial processes has significantly reduced 

the plant's demand for water from outside sources. The 

efficiency and safety record developed in the operation of 

this zero-discharge hazardous waste treatment facility has 

resulted in awards of merit presented by the Arizona Water 

and Pollution Control Association in 1978, 1979, 1980 and 

1981. It also has been visited and studied by various 

industrial representatives as a model for safe and efficient 

operations, and for its design and performance character

istics. 

In 1979 the EPA financed an ADHS study 

of wastewater surface impoundments in the greater TIA area. 

As part of the study, ADHS representatives were taken on a 

tour cf AFP 44 surface impoundments which had been used to 

handle the product of the former waste treatment facility 

prior to 1977. Also as part of the greater TIA investi

gation, a field team sponsored by EPA obtained groundwater 

samples from four wells located at AFP 44. Analyses of 

these samples indicated the presence of trichloreothylene 

(TCE) in the groundwater in the vicinity of AFP 44. 
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This rudimentary information was inade

quate, however, for determining the nature or extent of 

groundwater contamination in the vicinity of AFP 44, or 

whether AFP 44 was the source of the contamination. The 

presence of TCE could have been caused by another source and 

transported to AFP 44 by movement of water in the regional 

aquifer system. 

The Air Force's own investigations of 

environmental conditions at the plant have been underway 

since early 1981. These investigations have revealed that 

inrl11c:t-,-i:>l <:nlvPnt-<: t-,-irhln1"n.,t-hvlPnP ('l'r.F.)_ 
J ' ✓ , 

1,1,1-trichloroethane (TCA), and 1,1-dichloroethyiene (DCE) 

have leached into the groundwater beneath the plant and 

migrated north, off the site, to the vicinity of Los Reales 

Road. 

Chromium also was found in the ground

water but it had not migrated as far north as the volatile 

organic solvents. 

The root cause of the contamination ema

nating from the plant is how industrial wastewater was dis

posed of from 1951 until 1977, although these disposal 

practices were acceptable at the time and in conformance 

with all federal, state and local standards and regulations. 
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From 1951 until 1962, industrial waste

waters were treated in the then state-of-the-art wastewater 

treatment plant then discharged to dry streambeds and 

ditches west of Building 801, the main manufacturing build

ing. From 1962 until 1977, general industrial wastes and 

industrial wastewater from the plant were treated and then 

disposed of via ditches into evaporation ponds --both lined 

and unlined-- and pits. 

The Air Force investigation report iden

tifies these areas as the probable sources of groundwater 

contamination caused by AFP 44. Four of the five pre-1977 

ponds were excavated and backfilled in 1980. the fifth pond 

was backfilled in 1976. It occupied an area presently 

covered by lined evaporation ponds which are part of the 

existing zero-discharge industrial wastewater treatment 

facility at AFP 44. 

There have been no environmental prob

lems at AFP 44 since the existing zero-discharge industrial 

wastewater treatment plant began operation in 1977. 

The objectives of the draft Remedial 

Action Plan are to prevent to the maximum practicable degree 

any continued migration of contaminants from AFP 44 and to 

remove and dispose of those contaminants in the plume ema

nating from AFP 44 in an environmentally acceptable manner; 
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to achieve these results in the most cost-effective and 

timely manner possible; and to implement a program which 

does not result in unwarranted drawdown in the regional 

aquifer, does not interfere with the performance of remedial 

action programs conducted by others in the greater Tucson 

International Airport vicinity, and is consistent with the 

goals of the Tucson Active Management Area groundwater man-

agement plan. 

April 17, 

C. History of Community Relations Activities 

Community relations activities through 

1985, have consisted primarily of , . .... 
f:-'..LCI.J.Ul..LUQ a..uu 

coordination meetings between Air Force and Hughes officials 

and officials from federal, state and local regulating agen

cies, elected officials, and the Papago Indian Tribal Coun-

cil. 

On April 17, 1985, startup of a pilot 

groundwater reclamation facility at AFP 44 was announced 

jointly by The Air Force and Hughes, ushering in Phase III 

of the air Force's four-phased Installation Restoration Pro

gram at the plant. Invited were elected officials from all 

levels of government and representatives from public media 

outlets throughout the state. Attendees were briefed on 

environmental activities at the plant to date including AFP 

44's zero-discharge industrial wastewater treatment facil-
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ity, double-lined holding ponds with sensors to detect 

leaks, above ground pipes which enable day and night visual 

inspection -- all designed to prevent future ~ontamination 

of the environment; and the pilot air stripping groundwater 

treatment plant designed to cleanse groundwater contaminated 

as a result of past disposal practices. 

Since the April 17 program, community 

relations have continued in the form of meetings between Air 

Force and Hughes personnel and elected and appointed offi

cials of state and local governments, as well as answering 

media queries to inform the public at large, and answering 

questions and concerns of individuals. 

D. Community Relations Work Plan 

1. Mailing List 

A mailing list is maintained 

for mailings to regulatory agencies, government officials, 

media, and other interested parties. The mailing list is 

continually updated. It is used to send out news releases, 

fact sheets, notices and other important information con

cerning the IRP at Plant 44. It is also used for mailing 

information updates to all interested parties to keep them 

current on the progress of the IRP. 

23-1 
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2. Information Repositories 

The following ~ites are being 

used as repositories for technical reports pertaining to the 

IRP. They have the capacity to store and make available 

other pertinent information concerning the program: 

Tucson Public Library 

Main Library 

Columbus Branch 

Himmel Branch 

Mission Branch 

Valencia Branch 

Wilmot Branch 

Woods Memorial Branch 

200 s. 

4350 E. 

1035 N. 

3770 s. 

202 w. 
530 N. 

3455 N. 

Gay 

22nd 

Treat Ave. 

Mission Rd. 

Valencia Rd. 

Wilmot Rd. 

1st Ave. 

')3 ,-
4 J 

Government Reference Library 1st Floor City Hall 

Library 

El Pueblo Library 

El Rio Library 

Namini Library 

South Tucson Library 

101 W. Irvington Rd. 

1390 W. Speedway Blvd. 

7300 N. Shannon Rd. 

141 W. 29th 

University of Arizona Science and Engineering 

Phoenix Public Library, Main Branch (Business and 

Science Dept.), 12 E. McDowell Rd. 
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.J • Central Information Contact 
23G 

Mr. Arthur Shacter has been designated 

the person to contact for information concerning the Plant 

44 IRP. Mr. Shacter's address is AFPRO, Hughes Missile Sys

tems Group, ATTN. Art Shacter, RAP Com Rel Officer, P. 0. 

Box 11337, Tucson, AZ 85734. Any questions concerning the 

IRP should be directed to him. He will route all questions 

of a highly technical nature to the person most knowledge

able in the subject area. 

4. Media Information 

The media have been interested in the 

cleanup effort at Plant 44. This interest has not waned as 

the project continues. Press releases are prepared and will 

L:unti.uue to be prepared for ariy activity, decision, update 

or other important milestone connected with the cleanup 

endeavor. Media inquiries, releases and answers are coordi

nated through the appropriate Air Force Officials and are 

answered as quickly as possible. 

Media visits are granted whenever possi

ble on site. The local, regional and national media have 

access to documents and general information at the reposito

ries and through the periodic news releases on major events 

and milestones and fact sheet updates. 
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5. Speakers Bureau 

Speakers will be made avallable from Air 

Force Plant 44 who can address any audience With a desire 
I 

for information concerning the IRP. These speakers are 

available by contacting the Central Informat~on Contact 

listed in paragraph D3 of this annex. 

6. Public Comment Period 

The general public will have the oppor

tunity to review the remedial action plan at the local 

information repositories and comment through the central 

information contact throughout the IRP. A three-week com

ment period from Oct. 4 through Oct. 25, 1985 will be pro

vided after release of the Remedial Action Plan on Oct. 4, 

1985. News media will be notified of the comment period and 

copies of the Remedial Action Plan will be available at the 

local information repositories. Public meetings will be 

considered as one means of presenting the study findings, 

tliscussing alternatives responding to questions, and receiv

ing public comment. 

7. Responsiveness Summaries 

A responsiveness summary will be pre

pared following the three-week comment period to summarize 

the comments received on the draft Remedial Action Plan. 

This summary will be placed at the public repositories and 
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.distributed to those persons and agencies 

list as appropriate. 

8. Implementation of this Plan 

on mailing 

The commander of Air Force Plant 44 will be rrsponsible for 

the implementation of all portions of this plan. Assistance 

will be provided on request and as appropriate by Aeronau

tical Systems Division Office of Public Affairs, 

Wright-Patterson AFB, Ohio, and Air Force Systems Command 

Office of Public Affairs, Andrews AFB, Md. 
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IX. DEMONSTRATION OF PROGRAM COMPLIANCE WITH SUBSTANTIVE 

STANDARDS OF OTHER LAWS 

23Q 

A. Substantive Standards Regarding Groundwater Rights 

and Impacts 

The State of Arizona adopted a Groundwater Manage

ment Act in 1980 for the purpose of safeguarding the state's 

groundwater resources and providing a plan to assure the 

adequacy of those resources to meet future demands for 

water. This Act establishes several Active Management Areas 

throughout the State. AFP 44 is located within the Tucson 

Active Management Area (TAMA). The proposed remedial action 

program discussed above has been coordinated with and will 

continue to be coordinate relevant substantive aspects of 

this program. 

Arizona groundwater management regulations provide 

for a system that grants rights for the use of acceptable 

quality groundwater and for a permitting process for the 

withdrawal of poor quality groundwater. The USAF currently 

is entitled to withdraw and use approximately 235 million 

gallons of water per year from the AFP 44 site. Under the 

remedial action alternative discussed above, the USAF would 

need to withdraw approximately 2.7 billion gallons of water 

per year. In addition, because contamination exists in the 

groundwater underlying AFP 44, the ADWR requires a Poor 
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Quality Water Withdrawal Permit for the proposed groundwater 

pumping component of the recommended remedial action alter

native. 

Accordingly, the USAF has been working closely 

with ADWR regarding permitting issues, remedial action 

requirements, and potential impacts on the groundwater sys

tem. Representatives of ADWR, ADHS and USAF have met regu

larly to discuss remedial action investigations and 

alternatives, including the remedial action program's sub

stantive compliance with relevant groundwater regulations. 

Figure 13 presents a proposed task flow chart which provides 

for such compliance consistent with the need to perform an 

expeditious remediation of environmental conditions at 

AFP 44. 

Documents which have been or will be provided to 

the State include a detailed description of the hydrogeo

logic characteristics of the area, an inventory of wells, 

and a detailed design of the reclamation wellfield and moni

tor well system. The technical basis for the reclamation 

wellfield design and pumping regime will be discussed. 

The USAF has also been coordinating with ADWR and 

ADHS the groundwater recharge component of the recommended 

remedial alternative. New regulations adopted by ADHS in 

July, 1984 prohibit the disposal of any wastes or pollutants 
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which may adversely affect groundwater quality. The USAF 

has discussed and will continue to inform ADHS about spe

cific details of possible treatment and recharge phases of 

the remedial action at AFP 44 to insure that this program 

complies with the substantive requirements of all new regu

lations. 

The USAF will take all possible steps to comply 

with relevant groundwater rights and permitting require

ments. The remedial action program involves the direct 

recharge ,of extracted, treated groundwater.directly to the 

aquifer from which it originated with no consumptive us_~ in 

order to restore this resource to a condition suitable for 

beneficial use. Recharge of the treated water will result 

in no significant adverse impacts on the groundwater rights 

of others or on groundwater quality. 

B. USAF Installation Restoration Program Phase IV 

Management Guidance 

This guidance document describes the USAF policy 

for assuring that remedial actions are performed in a timely 

and east-effective manner which is consistent with Depart= 

ment of Defense environmental quality 'program policies. 

Section III.A.4 of that document provides instructions for 

the development of a remedial action plan. The following is 
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an item-by-item demonstration of compliance with the Guid

ance instructions in the preparation of this plan: 

1. Conceptual plan view drawings of the overall 

site, showing general locations for project actions and 

facilities appear in the appendix of this Remedial Action 

Plan in Figures lOB, lOC and 13 of the report Conceptual 

Study for Treatment of Reclaimed Water at USAF Plant No. 44 

Phase III Results, February 1984, Malcolm Pirnie, Inc. 

2. Conceptual layouts for individual facilities 

and other items to be installed appear in the appendix of 

this Remedial Action Plan in Figures 11, 12, 14, 17, 18, 19, 

20, 21, 22, and 23 of the report Conceptual Study for Treat

ment of Reclaimed Water at USAF Plant No. 44 Phase III 

Results, February 1984, Malcolm Pirnie, Inc. 

3. Conceptual design criteria and rationales for 

the recommended remedial action alternative are presented 

throughout this Remedial Action Plan. Design criteria and 

rationales include target treatment levels, groundwater 

pumping and recharge rates, environmental impact consider

ations and cast. Target treatment levels, pumping and 

recharge rates and cost factors are discussed in Section VII 

of this Remedial Action Plan as well as the report in the 

appendix entitled Conceptual Study for Treatment of 

Reclaimed Water at USAF Plant No. 44 Phase I & Phase II 
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Results, September 1983, Malcolm Pirnie, Inc. Because envi

ronmental impact factors are of utmost importance in the 

planning of a remedial action program, every discussion of a 

remedial alternative includes consideration of relevant 

environmental impact factors. These considerations have 

served as the basis for eliminating specific alternatives 

from further analysis. To receive a final, detailed analy

sis an alternative must not create any new, more significant 

danger or threat of danger to the public health and welfare 

and the environment, and must minimize and mitigate any 

existing dangers or threats of danger. In accordance with 

these _prerequisites, the final alternative is proposed 

because it minimizes and mitigates any existing dangers to 

the environment and optimally protects the environment from 

any new dangers in a manner consistent with the requirements 

of the National Contingency Plan. 

4. A description of types of equipment required, 

including approximate capacity, size, and materials of con

struction appears in detail in the appendix of this Remedial 

Action Plan in the report Conceptual Study for Treatment of 

Reclaimed Water at USAF Plant No. 44 Phase III Results, Feb

ruary 1984, Malcolm Pirnie, Inc. 

5. An operational description of process units 

appears in the appendix of this Remedial Action Plan in sec-
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tion V of the report ~-~E!_ual Study_t~r T_re_~_t_,!le_!lt_ 9f 

Reclaimed Water at USAF Plant No. 44 Phase I & Phase II 

Results, September 1983, Malcolm Pirnie, Inc. 

6. There are no unique structural concepts 

required for the facilities which would be involved in the 

implementation of the recommended remedial action alterna

tive. 

7. A description of operation and maintenance 

requirements for the recommended remedial alternative 

appears in section VII of this Remedial Action Plan. 

8. RiQht-of-wav reauirements arise in olannine __ IJ ___ - ·---., --~------------- ----- -- I,. - -

2 ,1,1 

the construction of pumping and recharge wells and distribu

tion systems beyond the boundaries of USAF-owned property at 

the AFP 44 site. A listing of types of right-of-ways 

required appears in section VII of this Remedial Action 

Plan. 

9. The USAF desires, through this Remedial 

Action Plan, to provide evidence satisfactory to all review

ing agencies and to the public that the recommended remedial 

action alternative minimizes and mitigates existing dangers 

to the public health and welfare and the environment as well 

as protects the public and the environment from any new 

exposure to harm, thus complying with the substantive 
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requirements of the National Environmental Policy Act, 42 

U.S.C. § 4321 et~-

10. Section Vil of this Remedial Action Plan con

tains a discussion of additional engineering data required 

to proceed with design. 

11. All standard construction permits will be 

obtained, and a discussion of environmental permit require

ments appears throughout this Remedial Action Plan. 

12. The report Conceptual Study for Treatment of 

Reclaimeq Water at USAF Plant No. 44 Phase III Results in 

the appendix of this Remedial Action Plan developed a 

detailed cost estimate for the recommended remedial action 

alternative. The dollar amounts are being withheld until 

the completion of bidding processes in connection with this 

project. 

13. An order-of-magnitude operations and mainte

nance cost estimate was prepared as part of the report, Con

ceptual Study for Treatment of Reclaimed Water at USAF Plant 

No. 44 Phase III Results which appears in the appendix of 

this Remedial Action Plan. 

14. A preliminary project master schedule appears 

in Section VII.D of this Remedial Action Plan. 
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C. · National Contingency Plan 

Part 300 of Title 40 of the Code of Federal Regu

lations is the National Oil and Hazardous Substances Pol

lution Contingency Plan, also known as the National Contin

gency Plan. Subpart F of 40 C.F.R. Part 300, Hazardous Sub

stance Response, presents methods and criteria for 

determining the appropriate extent of response to hazardous 

substances releases. The following discussion demonstrates 

the compliance of this Remedial Action Plan with the 

requiremP,nts listed in 40 C.F.R. § 300.68 for the prepara

tion of remedial action programs. 

This Remedial Action Plan develops remedial action 

alternatives as required by 40 C.F.R. § 300.68(g). Section 

VI of this Remedial Action Plan contains the discussion of 

the development of the alternatives and includes a consider

ation of no action as one of the alternatives. 

Section VI of this Remedial Action Plan screens 

the alternatives through a comparison of costs, expected 

effects of the alternative and technical aspects of the 

alternative following the requirements of 40 C.F.R. 

§ 300.68(h), and Section VII of the plan presents a detailed 

analysis of the alternative that remains after the initial 

screening (40 C.F.R. § 300.68(i}). 
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The proposed conceptual remedial alternative 

incorporates the greatest extent of remedy possible with 

established technology that can be verified through estab

lished analytical techniques in accordance with 40 C.F.R. 

§ 300.68(j). 

Finally, protection of the public health and wel

fare and the environment is a fundamental concern of this 

plan, 

D. National Environmental Policy Act 

The National Environmental Policy Act of 1969, 42 

U.S.C. § 4321 et~-, and its implementing regulations, 40 

C.F.R. Parts 1500-1508 and 32 C.F.R. Part 989 among others, 

require that federal agencies analyze the potential environ

mental impacts and alternatives to proposed actions in addi

tion to the economic and technical considerations relevant 

to the selection of a recommended course of action. In the 

selection of an appropriate remedial action as a response 

to a release of hazardous substances into the environment, 

the National Contingency Plan similarly requires that the 

environmental impacts of alternative remedial actions be 

analyzed. 

Throughout this Remedial Action Plan, extensive 

consideration has been given to the environmental impacts 

associated with each of the remedial alternative~ analyzed 
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for the purpose of identifying that option which maximizes 

environmental restoration. The program of groundwater rec

lamation, treatment and recharge recommended here is 

believed to accomplish that result with respect to ground

water contamination emanating from AFP 44 located south of 

Los Reales Road in a manner which results in no significant 

adverse impacts to the environment. Specifically: 

1. The extraction of co.ntaminated groundwater 

will not result in any significant disruption of flow in the 

regional aquifer system through drawdown impacts since 

treated groundwater will be recharged to the regional sys

tem, thus minimizing drawdown impacts; 

2. The groundwater treatment system to be 

employed is designed to reduce contaminant levels to those 

which make the water safe for beneficial uses; 

3. The volatile organic air-stripping treatment 

process and the chromium treatment process have been 

designed to eliminate any significant level of emissions to 

the atmosphere; 

4. Any liquid waste stream produced by the 

groundwater treatment plant will be recycled through the 

nearby industrial wastewater treatment plan at AFP 44; 
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5. The groundwater treatment and withdrawal sys-

terns will be operated long enough to ensure that groundwater 

in the treatment area will be restored; 

6. Treatment of the groundwater resolves any 

concerns about disposal problems; 

7. Recharge of the treated water will prevent 

adverse drawdown impacts in the regional aquifer and dis

ruption of other groundwater remedial programs which may be 

undertaken in the TIA area; 

, 8. The wellfield and treatment plant have been 

designed and located so as not to interfere with f11r1,,....P ,,c:P 

of the area. The recharge and reclamation wells will be 

located in areas which are not noted for unusual environ-

mental sensitivity, and their operation will not otherwise 

significantly disrupt the environment. 

Upon the final selection of the appropriate reme-

dial action program (subsequent to the receipt and analysis 

of public comments on this plan), the USAF will again review 

the environmental impacts of the final plan in order to 

insure that it will be consistent with the standards of 

NEPA. 

E. Resource Conservation and Recovery Act 

The Resource Conservation and Recovery Act of 

1976, 42 U.S.C. § 6901 et~-, as amended, and its imple-
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menting regulations, 40 C.F.R. Parts 264 and 265, among 

others, generally require that hazardous waste management 

practices be conducted in a manner which protects human 

health and the environment. Subchapter III of RCRA pre

scribes comprehensive requirements for the generators, 

transporters, or those owners and operators of treatment, 

storage or disposal facilities relating to the management of 

hazardous wastes. 

Although the remedial plan identifies a treatment 

scheme no.t involving the off-site storage, destruction, 

treatment or disposal of hazardous wastes such that the 

remedial action might be expected to comply with the proce

dural and substantive requirements of Subchapter III, the 

standards and criteria of RCRA have nevertheless been a part 

of the analysis and screening of potential remedial action 

alternatives. In that regard, alternatives which might 

employ the bulk or containerized disposal of extracted liq

uid contaminants have been dismissed for being inconsistent 

with prohibitions and limitations on such disposals under 

RCRA. On the other hand, substantial consideration has been 

given to the potential for hazardous waste generation as 

part of the treatment plant operations identified in the 

plan. Concerns arising from such potential are more fully 

addressed in the treatment facility design documents and in 
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the recently submitted RCRA final permit application for AFP 

44. 

F. Underground Injection Control Requirements and 

Federal Sole Source Aquifer Requirements (Groundwater Pro

tection Strategy) 

Several Federal requirements programs, advisories 

or policy statements on groundwater protection parallel, if 

not complement·, the State of Arizona's comprehensive program 

to safeguard groundwater resources. The discussion of that 

program at paragraph A above, and the summary contained in 

an appendix to this remedial action plan demonstrates how 

such program and its underlying concerns have shaped the 

analysis of remedial alternatives and selection of the pre

ferred remedial action involving extraction, treatment and 

recharge of contaminated groundwater. 

Reliance on the substantive standards of the 

Arizona program should adequately address the policy issues 

of similar relevant Federal programs. Suffice it to say 

that the remedial action program involves the recharge of 

water treated to drinking water quality back into the 

aquifer from which it was withdrawn, emplo~~ng no 

~ixe use_,_for the purpose of restoring the contam

inated aquifer to a condition suitable for beneficial use. 

In other words, the Air Force will be injecting water of 
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better than drinking water quality direct to the aquifer 

underlying AFP 44; thus avoiding entirely any substantive 

concerns which might arise with respect to degradation of 

groundwater quality. 

G. Floodplain Management 

2SJ 

In accordance with the provisions of Executive 

Order 11988, 24 May 1977, as amended, it has been determined 

that the proposed remedial action program will not occur in a 

floodplain. Further analysis, then, of alternatives to 

avoid ad~erse effects and incompatible development in a 

floodplain is irrelevant to this study. 

H. National Ambient Air Quality Standards 

National primary and secondary ambient air quality 

standards promulgated under the Clean Air Act, 42 U.S.C. 

§ 7401 et~-, 40 C.F.R. Part SO, are established to pro

tect public health or the environment from any known or 

anticipated adverse effects of a pollutant. This remedial 

~r~inn prngrRm hR~ hPPn rlP~ignPd ~Rking in~o consideration 

control requirements on air emission sources to ensure 

maintenance of the national ambient air quality standards. 

The only 

remedial plan is Pima County Regulations which limit total 

volatile organic compound emissions from a facility to 40 

pounds per day. 
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Two air-stripping towers are contained in each 

treatment process with 90% of the VOC's being removed in the 

first stripping tower. Carbon adsorption filters will be 

installed on the first stage towers. Total VOC emissions 

from the second stage towers, together with other VOC emis

sions from AFP 44, will not exceed the 40 pound/day limit. 
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VICINITY OF ABANDONED WASTE DISPOSAL SITES 

HUGHES AIRCRAFT COMPANY MANUFACTURING FACILITY 
TUCSON, ARIZONA 

" 

CONCLUSIONS 

2GB 

Analysis of geologic and hydrologic data collected at the 

Hughes Aircr~ft Company Manufacturing Facility in Tucson, Arizona 

indicates the following: 

1. Hughes Aircraft Company has disposed of fluids 

containing a variety of trace metals and in

dustrial solvents into pits, ponds, and ditches 

on _the facility property for approximately 

30 years. 

2. High concentrations of chromium and organic sol

vents found in groundwater obtained from weils 

on the property are a result of the past waste 

disposal practices of Hughes Aircraft Company; 



9' 
, 

3. High. concentrations of chromium and organic sol

vents found in groundwater obtained from City 

of Tucson well sc-7 might be a result of the 

past disposal practices of Hughes A.ircraft Ccm-

pany. 

4. Historic waste disposal practices at the Hughes 

Aircraft Company facility have resulted in per-
:'!a 

colation of wastewater to the regional aquifer 

system. The continuity of the aquifer system 

and the direction of regional groundwater move

ment have enabled contaminants to migrate for. 

an undetermined distance northwest of the fa

cility property boundary. 

·-·-
,; 
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In order to define the distribution of contaminants in 

the regional aquifer, it is necessary to expand the current 

investigation. More information is needed to determine the 

volume of groundwater that bas been contaminated beneath the 

facility property, the concentration of the contaminants in 

the aquifer, and the extent of contaminated fluid in the 

perched groundwater zone beneath the abandoned wastewater dis

posal ponds. The investigation should determine which disposal 

sites were used to dispose of organic solvents, and the resid

ual concentration of the contaminants in the soil at these 

sites. 

In addition, the investigation should determine the eon

tribution of contaminants from Hughes Aircraft Company facility 

wastewater disposal practices to off-site groundwater contami

nation. Because of the nature of the regional groundwater flow 

system in the vicinitY; of the Hughes Aircraft Company facility, 

it appears that contaminants have been transported for some un

known distance northwest of the facility property. Other indus

trial activities in the same area may have also contributed 

similar contaminants to the aquifer. 

The recommended tasks for the inves~iga~ion inelude drill= 

ing additional soil borings at disposal sites, analysis of soil 

samples for volatile organic acids, construction of additional 

monitoring wells in ~e perched and regional groundwater systems, 

and compilation of a predictive finite-difference digital com

puter model of groundwater flow and contaminant transport for 

the regional .aquifer. 

3. 
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271. 
The tasks are summarized as follows: 

l. Construct and sample confirmatory soil borings 

at seven selected sites (Fig11.:oe l).· The pro

posed confirmatory borings would be ·located 

adj~cent to previous soil borings that indi

cated the presence of contamination in the 

subsurface. Analysis of soil samples from 

2. 

the confirmatory borings are required to veri

fy the concentration of contaminants that are 

present in the soils. 

Construct and sample exploratory soil borings 

at nine additional selected sites (Figure l). 

These borings would be located in areas where 

migration of waste products into the subsurface 

environment might have occurred from known dis

posal pits, ponds, or ditches. Analysis of 

soil samples collected from the exploratory 

soil bor~gs would verify whether additional 

suspected waste disposal sites were sources 

for migration of waste products into the sub

surface, and would indicate the relative 

strength of contaminant concentrations at the 

disposal sites. 

3. Construct and sample monitor wells in the perched 

groundwater zone at nine sites (Figure l). 

Eight of the proposed monitor wells would be 

located down-gradient of abandoned pits, ponds, 

or ditches. A ninth mo~itor well would be 

located up-gradient of potential contaminant 

sources. Analysis of water samples collected 

4. 
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from these wells would define the concentra

tion and extent of contaminants in the perched 

groundwater zone. 

4. Construct and sample 19 monitor wells in the re

gional aquifer system (Figu~e 1). These wells 

are to be constructed in the vicinity of 

selected ab~ndoned disposal ponds, pits, and 

ditches. Analysis of groundw~ter samples col

lected from these monitor wells will define the 

distribution and concentration of contaminants 

in the regional aquifer at the Hughes Aircraft 

Company facility. The-wells would also be used 

the regional aquifer. The transport rate and 

dispersion of contaminants in the regional aqui

fer system can be estimated from these data. 

5. Aquifer tests should be conducted at production 

wells HAC-_l, 
0

HAC-3, and iiAC-4 (Figure 1). The 

purpose of the aquifer tests is to provide data 

on the hydraulic character of the regional aqui

fer. These data are required for estimation 

of the rate of contaminant movement in the re

gional aquifer system. 

')',,) 
~ '._ 

6. In order to estimate the portion of off-site con

tamination that might be the result of historic 

waste disposal practices at the Hughes Aircraft 

Company facility, a computer model of groundwater 

flow and contaminant transport in the area is 

proposed. The computer model will provide esti

mates of the areal extent of the contaminant 

5. 
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plume in the regional aquifer system, and the 

concentration of contaminants within the plume. 

The computer model appears to be the only tool· 

available to determine the contribution of 

Hughes Aircraft Company to the off-site aqui

fer contamination. 

0 
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PHASE I 

!NVEST!G.L'ff lON QF SUBSURFACE CONDITIONS IN THE 

VICINITY OF. ABANDONED WASTE DISPOSAL SITES 

HUGHES AIRCRAFT COMPANY MANUFACTURING FACILITY 

TUCSON, ARIZONA 

INTRODUCTION 

Pursuant to a request from Mr. David L. Mulliken, Attorney, 

Latham & Watkins, this s 11mmary report of the Phase I Investiga

tion of the impact of historical waste disposal practices on 

groundwater quality at the Hughes Aircraft Company (HAC) Manu

facturing Facility in Tucson, Arizona, has been compiled. The 

objectives of t.~e Phase I Investigation were as follows: 

1. Locate potential sources of trace metal and 

organic contaminants found in groundwater 

samples collected in wells tapping the re

gional aquifer system. 

2. Determine if historic waste dispos~l prac

tices of Hughes Aircraft Company might be 

7. 



--1 .. 

--

~ ,. ',-.rrs' ,1,v ... ,•,··~-,.,-,..,., .~.,-
~ · .,.~,t~n .;.; ''"''·'•, ,..,-.,:·:!r_,, ,. ,.',\.., 

the source of organic and trace metal con

taminants detected in wells down-gradient 

of the manufacturing facility. 
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Disposal of a variety of liquid and non-liquid wastes has 

occurred at the RAC facility since 1951. Liquid wastes were 

transported in a variety of pipes and ditches to several unlined 

holding ponds, or wer~ released to the surrounding desert. Some 

liquid wastes, including oils and solvents, were apparently 

transported to several pits for disposal by evaporation and in

filtration into the soils. Some flammable solvents were ignited 

and used in fire-fighting exercises. Solid wastes, including 

drums, barrels, metal scraps, and cafeteria garbage, were buried 

in trenches or pits. The Phase I Investigation included drill

ing large-diameter soil borings at·those locations identified as 

waste disposal sites (Figure Z). Soil samples were collect~d 

and analyzed to determine the concentrations of trace metals and 

organic contaminants. M~nitoring wells were constructed in both 

the upper and lower zones of the regional aquifer system, and 

in a perched groundwater~.zone discovered in the vicinity of the 

·abandoned wastewater disposal ponds (Figure 2). Groundwater 

samples have been collected from these wells and analyzed to de

termine the concentration of contaminants. 

Water samples were collected by RAC personnel froro the un

lined wastewater disposal ditch located west of Building 801 dur

ing the period 1971 to 1977. These samples were analyzed for 

chromium, cyanide, and pH by the HAC laboratory. Historical 

water quality data prior to 1971 are not available. Wastewaters 

have been discharged to lined evaporation and holding ponds since 

1977. 

8. 
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H1STORIC WASTE 

Information concerning historic waste disposal practices 

at the RAC facility has been compiled from site maps, aerial 

photos, disposal records, and discussions with RAC employees. 

Data indicate that on-site disposal of wastes at the RAC facil

ity began in 19Si (Spauiding, 1980j. These wastes included 

fluids which were discharged to excavated pits, unlined ponds, 

and a network of unlined aitches. 

A wastewater treatment plant beca.~e operational in 1977 

at the RAC facility. The treatment plant receives process rinse 

waters and eoeling tower bl·owdowu waters. 

cent.of the water is treated and recycled, and 25 percent is 

pumped into lined evaporation ponds. 

n ~-

Wastes disposed of at the RAC facility comprise two general 

types: general industrial wastes, aDd industrial wastewaters 

(SpauZding, 1980). Ge_ne~.al industrial wastes include the follow

ing: oils, sludges, paints, solvents, metals, and chemicals. 

The chemicals comprise sulfuric, chromic, hydrofluoric, nitric, 

hydrochloric, and phosphoric acids. The metals include cadmium, 

chromium, copper, gold, nickel, lead, and tin. These waste 

products are produced by the facility plating, heat treatment, 

and paint processes. Amounts of these materials disposed of 

prior to 1977 are not known. 

Industrial wastewater primarily comprises rinse water from 

plating processes, cooling tower blowdown, and some concentrated 

solutions of chrome.and cyanide. From 1951 to 1970, HAC esti

mates that 1,250,000 gallons of rinse water were disposed of per 
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week. During the same period, HAC estimates that 15,000 gal

lons of concentrated solutions, including chrome and cyanide, 

were disposed of per week. From 1970 to l97i, approximately 

20,000 gallons of rinse water and 160 gallons i:;·f concentrated 

solutions were disposed of per week. 

-
WASTE DISPOSAL SITES 

General industrial wastes and industrial wastewaters were 

disposed of in ponds, ditches, and pits at the HAC facility 

during the period ,oi::, •- 1077 
.lo,;;/ ..I,._ W\J - J I I • Historic dispos~l sites were .. 

either located in the field by HAC pe~sonnel, or interpreted 

from review of site plan maps and aerial photos (Figure 2). 

Disposal site locations were confirmed by reviewing the sequence 

of aerial photos of the facility area for the 

1976 (Appendiz A, Figures A-1 through A-17) • 

.. 
!~ 

_Ditches 
..;.;. 

A network of unlined ditches was used at the HAC facility 

to transport industrial wastewaters to the area west of Build

ing 801 when operation of the facility began in 1951. These 

ditches are apparent on aerial photos of the facility property 

for the period 1953 through 1976 (Appendiz A). Phreatophytic 

vegetation developed along and adjacent to the ditches and waste

water disposal ponds. The vegetation appears as dark areas on 

the aerial photos. The density of this vegetation indicates 

the greater availability of water in these areas due to the dis

charge of wastewater • 

I 

I 

! 

I 



• ... -.... 
27'8 

Ponds 

Prior to 1962, wastewaters were apparently discharged to 

dry streambeds and ditches west of Building 801 (Appendi=: A, 

Figures A-1 and A-J). Although well-defined ponds are not ob

vious on the aerial photographs until 1962, small ponds may 

have formed along the streambeds and ditches. 

Five ponds were utilized for disposal of industrial waste

waters during the period 1962 to 1977. Two small lined ponds 

were located east of Building 801, and three larger unlined 

ponds were located west of and beneath the existing evapora

tion ponds (Figure 2j. 

The two ponds constructed east of Building 801 were first 

recognized on aerial photos from the year 1962 (Appendi= A, 

Figure A-4). Both ponds were lined with a thin plastic mem

brane and the northern.pond was also lined with clay. These 

two ponds received pre<;:i~_~tated heavy metal sludges and chemi

cals used for neutralization of industrial wastes. Both ponds 

were excavated and rF>fil1~d in 1980. Ari asphalt parking lot 

was constructed over the abandoned ponds in the third quarter 

of 1981. 

Two unlined holding ponds were constructed west of the 

existing evaporation ponds to receive industrial wastewaters 

(Figure 2). The first pond was recognized on aerial photos 

taken in 1964 (.-'.-;--;~ndi:i: A, Figure A-6). The second unlined 

holding pond a?pears in aerial photo coverage for the year 

1969 (Appen.di;: -~, :-:. __ G"ure A-10). Both ponds were excavated 

and refilled in l~SO. 

, , 
.u. 
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The largest unlined wastewater holding pond was located 

beneath the existing evaporation pond 4 (Figure 2), and was 

first detected nn aPrial photos for the year 1973 (Appendiz A, 

Figure A-lSJ. This pond was backfilled in 197·6 during con

struction of evaporation pond 4. 

Pits -
General industrial wastes were disposed of in excavated 

pits during the period 1952 through 1977. Eight abandoned dis

posal pits were located on the property by HAC personnel (Fig-

12. 

ure 2). Inspection of aerial photos indicated about ten additional 

suspected disposal pits might have been used during the period 

1952 to 1977. 

HAC personnel have indicated that three areas around th~ 

HAC facility were used for disposal of general industrial wastes, 

including the solvents tfichloroethylene (TCEJ and TCA. One 

area, located in the southern portion of the facility property, 

was apparently used f9r waste disposal from 1951 to 1955 (Fig

ure 2). Several disposal pits were located in the cleared area 

which is evident on a 1953 aerial photo (Appendi~ A, Figure A-2). 

The second area was in the southeastern portion of the facility 

property and was apparently used for waste disposal from 1955 

to 1966 (Figure 2). This disposal area appears as a clearing 

on aerial photos from 1967 and 1969, although the area was no 

longer used for disposal after 1966 (Appendiz A, Figures A-9 

and A-11). Pi ts located in the area west and northwes-t of Build

ing 801 were used for waste disposal from 1966 to 1977 (Figure 2). 

These pits also appear as cleared areas on th~ aerial photos 

(Appendix A, Figures A-8, A-10, A-12, A-15, and A-16) . 

The precise nature and quantities of wastes disposed of in 

the pits in these areas is not known. 

I 
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GEOLOGIC FRAMEWORK 

The project area is located in_ the Tucson.,_ Basin, which is 

a ~road, northwest-trending alluvial valley encompassing about 

·750 square miles in Pima County, southeastern Arizona. The 

basin is bounded by a nearly continuous ring cf mountains and 

extends ·fc~·a distance cf about 50 miles from the Santa Rita 

Mountains in the soutb,, to the Tortoli ta Mountains in the north. 

REGIONAL GEOLOGY 

The mountains surrounding the Tucson Basin consist of crys

talline igneous, metamorphic, volcanic, and sedimentary rocks. 

These rock units range in age from Precambrian to late Tertiary. 

The valley floor'is underlain by several thousand feet of 

alluvial basin fill s~di.Ig.ents interbedded locally with volcanic 

. flows, agglomerates, cmd'.tuffaceous sediments. The basin fill 

sediments include, in'' descending order: (1) surficial deposits, 

(2) Fort Lowell Formation, (.3) Tinaja Beds, and (4) Pantano For

mation. 

S=ficial Deposits 

The surficial deposits overlie the Fort Lowell Formation 

and comprise terrace gravels, stream channel and floodplain de

posits. These thin_deposits are mainly gravel and gravelly sand 

with localized sand and sandy silt •. The surficial deposits range 

in thickness from a featheredge to several tens of feet. 
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Fort Lowell Formation 

The Fort Lowell For1DBtion overlies the Tinaja Beds, and 

consists predominantly of silty gravel near th~ basin margins, 

grading to a silty sand and clayey silt toward the central 

part of the basin. The Fort Lowell FoTination is 300 to 400 feet 

thick near the center of the basi1'1; and thins toward the moun

tains (Davidson, 1973). -
Tinaja Beds 

The Tinaja Beds comprise sand and gravel at the margins of 

the basin, and grade to gypsiferous, clayey silt and mudstone 

in the central portions of the basin. The Tinaja Beds range in 

thickness from a featheredge to as much as 5,000 feet. The 

14. 

Tinaja Beds have been interpreted as a sedimentary detrital fill

ing of a subsiding basin. The central part of the Tucson Basin 

is a triangular-shaped down-faulted block, bounded by the Santa 

Cruz fault, an un-named '(ault running parallel to Rillito and 

Tanque Verde·•. Creeks, and···another un-named fault that trends north-
~- . 

-east through the basin (Davidson, 1973). In much of the down-

faulted block, the Tinaja Beds are divided into two parts. The 

lower part comprises a clayey silt to mudstone, and the upper 

part comprises a clayey gravel to clayey silt. Outside of the 

down-faulted block, the Tinaja Beds are a gravelly or pebble 

sand (Davidson, 1973). 

Pantano Formation 

The Pantano Fonnation is a reddish-brown, silty sandstone, . . 
which· includes gravel with interbedded volcanic flows and tuf

faceous sediments. The thickness of the Pantano is estimated 

to range from a few hundred to 1,000 feet (Davidson, 1973). 

I 

I 
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SITE GEOLOGY 

Based on Davidson's (1973) description of the basin fill 

deposits, it appears that.the upper 175 to 225·-:..feet of the al

luvium at the RAC facility is probably the Fort Lowell Formation. 

The underlying clayey sediments, encountered to a depth of 

600 feet, appear to correla±e with the Tinaja_Beds. The entire 

thickness of the Tinaja Beds has not been penetrated by drill

holes on the RAC facility-property, and the depth to the top of . 
the underlying Pantano Formation is not known. 

The nature and distribution of geologic materials in the 

HAC facility area has been further defined by samples obtained 

from soil borings and monitor wells constructed at the site, 

and from interpretation of drilling logs. The soil borings 

were constructed with augers, and soil samples were collected 

directly from the auger blades. A description of the construc

tion and sampling procedures, and lithologic logs for the soil 

borings appear in Appe~di: B. The monitor wells were drilled 
: * .. 

utilizing ai~ __ rotary arid '.fluid rotary drilling methods, and 

samples were described from the drill cuttings. Construction 
0

details and lithologic logs for the monitor wells appear in 

Appendi.;r; C. 

Driller's logs for Hughes Aircraft Company wells RAC-1, 

HAC-2, and HAC-3 were obtained from Hughes Aircraft Company 

(Appendi.;r; DJ. Driller's logs were not available for well HAC-4 

and the Credit Union well. A driller's log for well SC-7 was 

obtained from the City of Tucson, Water Department (Appendi: D, 

TabLe D-4). Hydrogeologic cross sections have been constructed 

based on the lithologic logs and driller's logs. 

.. ' 



-

;;., -,,···•:.: '.'. • :,...,,,-,-r•o,1r.ov r,·,-. 
.'4. .... ·, ••• • .. 1o.J - 1·;.'\.J'l .._ .r.. ..._,. ,y:,.i.:,_4\ J.~ t!"I\... 

16. 

Regional Aquifer 283 
Hydrogeologic cross section A-A' has been constructed for 

the HAC facility area from driller's logs of the HAC production 
•. -

wells, the City of Tucson well SC-7 and lithologic logs of the 

monitor wells constructed on the facility property (Figure 3). 

Lithologic logs and driller's logs for these wells indicate the 

regional aquifer comprises a sequence of sand and gravel, sandy 

clay, clayey sand, and-clay extending to a depth of at least 

600 feet below land surface at the HAC facility. 

The aquifer has been divided into upper and lower zones 

based on lithology and measured water levels. Water levels in 

the upper aquifer zone are several tens of feet higher than water 

levels in the lower aquifer zone. The upper aquifer zone com

prises ·.fine-to-coarse sand with gravel, occasional lenses of 

cobbles, and lenses of clay ~o a depth of about 200 feet. The 

upper aquifer zone is probably the source of most of the ground

water produced by wells in the area (Figure 4). The permeability 

of this zone appears ·to '~e much greater than the underlying zone. 

The lower aquifer z"bne comprises clayey sediments underlying 

the upper aquifer zone to a depth of at least 600 feet (Figure 4). 

These clayey sediments are interbedded with thin lenses of sand, 

sandy clay, and clayey sand. 

Perched Zone 

Subsurface conditions between land surface and the regional 

water table beneath the BAC facility have been defined by soil 
·. 

borings. Hydrogeologic. cross sections B-B', c-c•, and D-D' have 

been constructed through the area west of Building 801 from lithe

logic logs of t.'1.e soil borings (Figures 5 and 6). 
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Bydrogeologic cross section B-B' was constructed between 

soil borings B-l, B-2, and B-3, which were drilled at the site 

of abandoned wastewater disposal ponds (Figure 3). These soil 

borings indicate that the alluvial materials above the water 

table comprise primarily sand, gravel, clayey sand, and sandy 

clay (Figure 5). A red-brown clay unit was encountered in all 

three borings at a depth of about 80 feet below land surface. 

This clay unit is a pe;_rching layer of low permeability which 

restricts the downward migration of percolating groundwater. 

The water level in this perched zone is about 80 to 85 feet 

below land surface, which is about 25 to 40 feet above the re

gional water table. 

Bydrogeologic cross section C-C' was constructed between 

soil borings B-5, B-4, and B-13 in the area north of the hold

ing ponds and west of well HAC-1 (Figure 3). These soil borings 

indicate that the alluvial materials above the water table in 

this area comprise primarily clayey sand, interbedded with lesser 

thicknesses of sand, .gravel, and sandy clay (Figure 5). A red-
- .. 

brown clay unit, similar'' to that encountered in soil borings 
. ' 

-B-1, B-2, and B-3, was a'lso encountered in soil borings B-4, 

B-5, and B-13. This clay unit occurs at depths ranging from 

about 80 feet below land surface in soil boring B-13, to 93 feet 

below land surface in soil boring B-4. Perched groundwater 

was not encountered in this area. 

Bydrogeologic cross section D-D' was constructed between 

soil borings B-9, B-14, B-7, and B-6 along the northern margin 

of the wastewater holding ponds and evaporation ponds (Figure 3). 

Soil borings in this area encountered primarily clayey sand, 

interbedded with sandy clay, and thin sand lenses (Figure 6i. 

The red-brown clay unit was encountered at a depth ranging from 

about 70 to 80 feet below land surface (Figure 6). The water 

r 

r 
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level in the perched zone was a.bout 80 feet below land surface 

in boring B-9, and about 82 feet below land surface in boring 

B-7. 

s~~Pd on thP 15 soil ~orings ~nn~~ ..... ,~~~~ for the Phase! 
Investigation, it appears that the abandoned, unlined, waste-

water disposal ponds that were used prior to 1977 were located 
in an area where the surficial materials are predominantly sand 

and sandy clay. The.~hcrllow alluvial materials between land 
surface and the water table throughout the facility area have 

sufficient permeability to allow wastewater to percolate to the 
regional aquifer system. 

I 
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GROUNDWATER CONDITIONS 28G 

The regional aquifer system in the Tucson Basin comprises 

a thick sequence of alluvial basin fill sediments. The regional 

aquifer system in the vicinity of the RAC facility has been de

fined by lithologic logs of RAC production wells, monitor wells, 

and the Citv of Tucson well SC-7 (Appendices C and DJ. The . . - .. 
aquifer system at the RAC facility comprises coarse sand and 

·-gravel from the water ta.Bie to a aepth of about 200 feet. These 

permeable deposits are underlain by clay and sandy clay, with 

~hin lenses of gravelly sand, to a depth of at least 600 feet 

(Figure 4). 

OCCURRENCE AND MOVEMENT 

Groundwater occurs under unconfined and semi-confined con

ditions in the basin fill sediments in the vicinity of the HAC 

facility. Groundwater ~ccurs under unconfined conditions in a 

perched zone- in the viciF.ity of the abandoned wastewater hold-

·ing ponds, and in the upper zone of the regional aquifer system. 

Groundwater occurs under semi-confined conditions in the lower 

zone of the regional aquifer system. 

Perched Zone 

Perched groundwater was encountered in exploration borings 

B-1, B-2, B-3, B-7, and B-9 at depths of 80 to 85 feet below 

land surface, or about 25 to 40 feet above the regional water 

table. The perched zone has apparently formed within, and di

rectly above, an extensive red-brown clay unit found consistently 

beneath the F-~C facility. The red-brown clay y_nit was encountered 

... , 
' . , 
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at depths of about 70 to 90 feet below land surface. 
287 

The oc-

currence of the perched groundwater appears to be related to 

percolation of wastewater from unlined ponds and ditches at the 

HAC facility. Percolation of natural runoff ~hich entered the 

unlined ditches may have also contributed to the groundwater 

in the perched zone. 

Reaicnal Aauifer 

Water levels measured in the HAC production wells, and 

monitor wells completed in the upper aquifer zone, indicate a 

depth to water ranging from about 100 to 140 feet below land 

surface (Figure 4). Water levels measured in monitor wells M-lB 

and M-2C, completed in the lower aquifer zone, indicate a depth 

to water ranging from about 150 to 225 feet below land surface 

(Figure 4). The difference in water levels between the upper 

and lower zones of the regional aquifer indicates that there is 

potential for downward movement of groU:Ildwater from the upper to 

the lower zone. ';; 

The groundwater flow beneath the ELl\C 

facility is northwest, with a hydraulic gradient of about 15 feet 

per mile. Water level contour maps compiled for the years 1952; 

1960, 1970, and 1980 indicate that the direction of regional 

gradient have not changed 

significantly in the vicinity of the HAC facility since 1952 

(Figu~es 7 through 10). 

A comparison of the 1952 and 1980 water level contour maps 

reveals significant:changes in the groundwater flow regime along 

the Santa Cruz River, three to five miles.northwest and west of 

the HAC facility (Figures 7 and 10). Large groundwater with

drawals from wells along the river have produced depressions in 
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the water table surface, and reversed the direction of ground

water f1ow from northwest to southwest in T. 14 s., R. 13 E. 

(Figure 10). The 1980 water level contour map also indicates 

a cone of depression southwest of the RAC facility (Figure 10). 

This depression has apparently been caused by pumping from 

City of Tucson wells sc-10, SC-11, sc-6, and sc-16. 

Comparison of the water level contours from 1952 to 1980 

indicate a steepening~of 1:he water table gradient in a zone 

_about one mile wide, extending from sections 15 and 22 of 

T. 15 s., R. 13 E. into section 31 of T. 14 s., R. 14 E. (Fig

ures 7 through 10). This zone is located about three miles 

northwest of the RAC facility. The gradient of the water table 

surface in this zone has ranged from about 70 feet per mile in 

1952 (Figure 7), to over 100 feet per mile in 1980 (Figure 10). 

The steep gradient in this zone may be related to a decrease 

in aquifer transmissivity associated with faulting. Davidson 

(1973) has suggested the presence of two faults which would 

parallel this zone on~the north and south. 
- ! 

\· .:..·. 

GROUNDWATER PUMPAGE 

Pumping of groundwater from production wells HAC-1, HAC-3, 

.and City of Tucson well sc-7, influences the direction and rate 

of groundwater movement in the regional aquifer in the vicinity 

of the HAC facility·. Historic groundwater withdrawals· from 

wells HAC-1 and HAC-3 have been summarized for the period 1964 

through 19B0 based 9n data provided by Hughes Aircraft Company 

(Figures 11 and J2). These .. data indicate that the total pumpage 

from well HAC-1 during the period 1964 through 1979· was about 

1,200 million gallons. Average annual purnpage was about 75 mil

lion gallons (Figure 11). Total pumpage from well HAC-3 during 
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the period 1964 through .1980 was about 1,440 million gallons. - . -
Average annual pumpage was about 85 million gallons (Figure 12). 

Historic pumpage from City of TUcson well.~SC-7 has been 

summarized for the period 1956 through 1980 based on data pro

vided by the City of TUcson (Figure 13). Total pumpage from 

well SC-7 during this period was about 3,550 million gallons. 

Average annual pumpage was about 142 million gallons (Figure 13) . 

.. 
Pumping from well HAC-1 was discontinued in April 1979. 

Well HAC-3 has not been used since May 1981. The City of Tucson 

well SC-7 was also taken out of service in May 1981. 

Well HAC-2 and the Credit Union well have not.been pumped 

except for initial well testing immediately following the con-

struction of e.aeh well. Well HAC-4 provides back-up water 

supply for fire protection. 

HISTORIC WATE.R LEVEL CHAN~ES 
~-. 
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The regional water table·. ranges in depth from about 10 0 to 

140 feet beneath land surface at the HAC facility. The elevation 

of the water table ranges from about 2,465 to 2,485 feet above 

mean sea level (Figure 10). 

Water levels at well HAC-1 have declined about one foot per 

year since 1952 (Figure 14). The depth to water at well HAC-1 

has declined from about 101 feet below land surface in 1952, to 

134 feet in 1980, for a net decline of 33 feet. .... 

Water levels at City of Tucson well SC-7 have declined about 

1.5 feet per year since 1947 (Figu~e 15). The depth to water at 

well SC-7 ranged from 53 feet below la.,d surface 

99 feet in 1980, for a net decline of 46 feet. 

.;_ iOA"i +-n ~·· ..,..,,,, ---
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Water levels along the Santa Cruz River to the west and 

northwest of the HAC facility declined as much as 100 feet 

during the period 1952 through 1980. The gre~test water level 

decline has occ,.1rred near several pumping centers located 

along the Santa Cruz River in T. 14 s. and T. 15 S., R. 13 E. 

(Figu:roe 10). 

·.~ 
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CHEMICAL CHARACTER OF WATER 291 

GROUNDWATER --
The chemical RAC facility 

area has been defined by laboratory analyses of groundwater 

samples .collected from production wells, monitor wells, a...~d 

soil exploration borings. Three production wells, seven moni

tor wells, and five soil liorings have been sampled on the fa

cility property (Table l). Additional water quality data from 

production well sc-7 ,. located west of the RAC facility, were 

obtained from the City of Tucson, Water Departlllent. 

The RAC production wells and City of TUcson well SC-7 have 

been Prior to 1971, chemical analy-

ses of HAC production wells consisted of common ions only. 

Analyses for trace metals were not performed. Similarly, analy

ses for trace metals at well SC-7 were not reported until the 

mid-1960's. 

Phase I Water Sampling 

During the months of May and June 1981, five monitor wells 

and 15 soil borings were constructed at the HAC facility. Five 

of the 15 soil borings were completed as monitor wells in the 

perched groundwater zone. 

Groundwater samples have been collected monthly from pro

duction wells HAc-1; HAC-3, HAC-4, and the Credit Onion well 

since May 1981. Monitor well.s M-lA, M-lB, M-2A, M-2B, and M-2C 

have been 'sampled monthly as they were completed. Chemical 

analyses include determination of concentrations of routine·con

stituents, selected trace metals, and volatile organics. Routine 
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constituents. comprise common ions and cyanide. Selected wells 

have also been sampled periodically for EPA priority pollutants 

(TabZ.e 1). 

Analyses for routine constituents and trace metals were 

performed by BC Laboratories, Inc., Bakersfield, California. 

Analyses fo:r volatile organics and EPA priority pollutants were 

performed by Jacobs Laboratories, Pasadena, California. All 

water samples were coilected and processed according to standard 

techniques (Appendi: E). 

Water samples collected from well HAC-1, the Credit Union 

well, and the perched zone monitor well B-1 were analyzed for 

EPA organic priority pollutants. The EPA priority pollutants 

compounds, and pesticides. A total of 113 compounds were analy

zed by Jacobs Laboratories. 

Stiff diagrams have been prepared for groundwater samples 
·.~ : ~ 

collected fr_om the perched· groundwater zone and the regional 

aquifer (Figure 16)." Thi shape of the Stiff diagram is charac-

· .. teristic of a particular chemical type of water. Samples of 

groundwater from the same aquifer, subject to similar hydrogeo

chemical processes, usually exhibit similarly shaped Stiff 

diagrams. The Stiff diagrams can often be used to identify 

groundwater from different zones in an aquifer system, and can 

also be used to identify areas where percolation of wastewater 

has occurred. 

Perched Zone 

Perched groundwater was encountered in soil borings B-1, 

B-2, B-3, B-7, and B-9, and in monitor well M-2A (Figure 2). 

25. 
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The water level in the perched groundwater zone is about 25 to 

40 feet above the regional water table. 

COMMON IONS: .. Groundwater in the perched ·-zone is a sodium 

sulfate and calcium sulfate type. Calcium and sodium are the 

principal cations, and sulfate is the principal anion in solu-

26. 

tion (Figu't'e 16). The total dissolved solids content of samples 

collected from the perched zone ranged from about 700 to l,150 mg/l - ~ 

(miLLig't'ams pezo Lite?') (Appendiz F, Tabies F-1 through F-6). 

TRACE METALS: Significant concentrations of chromium, iron, 

manganese, and zinc have been detected in groundwater samples 

obtained from the ·perched zone. Borings B-1, B-2, B-3, and B-9 

were completed in the perched zone in or near the abandoned 

wastewater disposal ponds (Figure 2). Concentrations of trace 

metals in groundwater samples obtained from these borings are 

as high as 0~16 mg/1 for chromium, 0.13 mg/1 for iron, 1.10 mg/1 

for manganese, and 1.80 mg/i for zinc (Appendi::; G, Tabies G-1 

th1-ough G-6). Chromium,\iron,.and manganese have also been de

tected in the.perched grc9.undwater at monitor well M-2A (Appen-

.... :•di::; G,- -TabZe· G-6). Total chromium ranged in concentration from 

0.09 to 0.12 mg/1. Manganese and iron concentrations have ranged 

from 0.01 to 0.08 mg/1, and none detected to 0.13 mg/1, respec

tively. 

The EPA has established limits for concentrations in drink

ing water of 0.05 mg/1 for chromium, 0~05 mg/1 _for manganese, 

o·. 30 mg/1 for iron, and 5. O mg/1 for zinc. Consequently, concen

trations of chromium and manganese in the perched groundwater 

exceed the limits for drinking water. The limit for mang~ese 

appears in the Secondary Drinking Water Standards which are 

based on property protection and aesthetic criteria. The limit 

for chromium appears in the Primary D't'inking Water ReguLations 
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which are based on health related criteria. The concentra

tions of chromium detected in the September sampling of wells 

in the perched zone ranged from none detected at boring B-7, 

to 0.12 mg/~ at monitor well M-2A (Pigur-e 17);--

ORGANICS: TCE, TCA, and l,l-dichloroethylene (DCE) were 

detected· in all perched zone monitor wells (Appendiz E, Tables 

B-1 through E-6). TCE copcentrations in all samples collected 

from the perched groundwater zone ranged from none detected to 

more than l,300 ppb (pa~ts per billion). Concentrations of 

TCE in samples collected in September 1981 indicate a range 

from 12 ppb at boring B-7, to mere than l,300 ppb at boring B-3 

(Figure 18)-. 

TCA concentrations ranged from 5 ppb at boring B-9, to 

390 ppb at boring B-7 (Appendiz H, Tables H-1 through H-6). 

The concentrations of TCA detected in the September 1981 samples 

indicated a range from 5 ppb to 380 ppb (Figure 19). 

. . ... 
. . . J-. . 

Con.cenuat.1.on.s o.f D1:.J:o in the perched groundwater _"""" ____ ·---
J,,.Q,,U":f-C::: ....... "-' ... 

20 ppb at·monitor well' M~2A to 540 ppb at boring B-3 (Appendiz B, 

· Tables H-·1~ tht•ough H-6 i. '.i:'he concentrations of DCE detected in 

the September 1981 samples r_anged from 20 ppb to 480 ppb (Fig

ure 20L 

A water sample collected from monitor well B-1 in Septem

ber 1981 was analyzed for -µie EPA total organic priority pollu

tants, which in~lude TCE. TCA, DCE, and 110 other organic com

pounds (Appendiz I, Table I-l). The pollutants detected included 

260 ppb T~, 390 ppb DCE, 360 ppb TCA, 65 ppb toluene, and 52 ppb 

of the base/neutral compound bis(2-ethylhexyl) phthalate (Appen

diz I, Table I-1). No pesticides were found in the sample . 
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CONCLUSIONS: The presence of EPA priority pollutants 

TCE, TCA, DCE, toluene, and bis(2-ethylhexyl) phthalate in 

the perched zone indicates that percolation of liquid wastes 

did occur from the abandoned, unlined wastewater holding ponds, 

and from the ditch located north of the evaporation ponds. 

These organic substances are man-made, and. do not occur natu

rally in the perched groundwater. 

The presence of nexavalent chromium. in the perched zone 

exceeding ambient concentrations in the regional aquifer also 

indicates that wastewater has percolated to the perched ground

water zone from overlying surface disposal sites and ditches. 

The high concentrations of manganese might be related to the 
0 

natural occurrence of manganese oxide in desert alluvial soils, 

or to percolation of wastewater. The concentration of iron 

and zinc in the perched groundwater zone might also be related 

to natural occurrence of these elements in the soils, or to 

percolation of wastewater . 

.:, ... 

. Regional Aquifer 

28. 

Groundwater samples from the regional aquifer were obtained 

from production wells HAC-1, RAC-3, and HAC-4, and from monitor 

wells RAC-2, Credit Onion, M-lA, M-lB, M-2B, and M-2C. Water 

quality data obtained from these wells and from City of Tucson 

well sc-7 have been used to define the chemical character of 

groundwater in the regional aquifer system. Summaries-of chemi

cal analyses of water samples from the HAC production wells and 

monitor wells are contained in Appendices F, G, H, and I. -Pro

duction wells HAC-l, HAC-3, HAC-4, and SC-7; and monitor wells 

HAC-2 and the Credit Union, are. perforated in both the upper 

and lower aquifer zones. Because the upper aquifer zone is 
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more permeable than the lower zone, most of the water produced 

is from the upper aquifer zone. Consequently, the water sam

ples collected from these wells are primarily representative of 

the upper aquifer zone. --~ 

COMMON IONS: Groundwater in the upper zone of the regional 

aquifer.is predominantly a calcium bicarbonate type (Figure 16). 

The upper aquifer zone ex}-ends from the water table to a depth 

of about 200 feet, and comprises coarse sand and gravel with 

lenses of clayey sand and sandy clay (Figure 4). Water samples 

from the lower zone of the regional aquifer have been obtained 

from wells M-lB and M-2C. Groundwater from the lower aquifer 

zone is a sodium sulfate to sodium bicarbonate type (Figure 16). 

The difference in the chemical character of groundwater in the 

upper and lower aquifer zones is probably the result of differ

ences in permeability and circulation, ion exchange between the 

groundwater and the aquifer materials, and the presence of sol

uble salts in the aquifer •. 
; -# 

. . . ·~ 

The chemical charac~er of groundwater obtained from the 

Credit Onion well is· anomalous when compared to other wells 

penetrating the regional aquifer. Groundwater obtained from 

the Credit Union well is a calcium sulfate type, ·with an average 

total dissolved solids content of about 650 mg/1 (Figure 16). 

Groundwater obtained from other wells penetrating the upper 

zone of the regional aquifer is a calcium bicarbonate type 

with·average total dissolved solids contents ranging from about 

260 to 390 rng/1 (Figure Z6). The chemical character o~ ground

water from the Credit Union well is similar to groundwater in 

the perched zone, and suggests that this well has been contami

nated by percolating wastewater. 

Unlike the groundwater obtained from the credit Union well, 

the ch_emical character of groundwater at well sc-7 is similar 

29. 
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to that observed for other wells penetrating_the upper z-one 

of the regional aquifer in the vicinity of the HAC facility 

(Figure 16). Groundwater obtained from City cf Tucson well 

SC-7 is a calcium bicarbonate type, with a total dissolved 

solids content cf about 340 ppm. 

TRACE METALS: Chromium, zinc, manganese, and arsenic 

have been detected in groEOdwater obtained from monitor wells 

penetrating the regio~al aquifer at the HAC facility .( Appen

.diz GJ. Chromi-um is the only trace metal detected in the re

gional aquifer which exceeds the drinking water standard of 

0.05 mg/l. The total chromium content at well RAC-1 has 

ranged from 0.02 to 0.41 mg/1, with most concentrations greater 

than 0.20 (Appendiz G. TabZe G-?J. The total chromium content 

at the Credit Union well has ranged from o.11·tc 0.20 mg/1 

(Appendi= G. TabZe G-11). Groundwater samples obtained from 

other wells perforated in ._the upper zone of the regional 

aquifer have chromium co:p:tents less than 0.05 mg/1 (Figure l?). 

Monitor wells M-2C and·M.:lB, which are perforated only in the 

lower aquifer·· zone, alsC>,.have chromium contents less than 
~-· .. 

_·o.05 mg/1 (Figure 17). 

Results of chemical analyses for chromium in groundwater 

samples obtained from City of Tucson well SC-7 are available f-0r 

the period 1964 to 1981. Chromium contents during this period 

have ranged from none detected to 0.07 mg/1 (Appendiz G. TabZe 

G-26). The highest concentration of 0.07 mg/1 was reported in 

1977. Since 1978, the chromium concentrations in the ground

water have remained at 0.03 rng/1, which is below the 0.05 mg/i 

standard. ~ 

Minor amounts of zinc and manganese have been detected in 

some 

These constituents are probably derived naturally from the basin 

"" ..JU. 
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fill sediments. Fluoride and arsenic were.also. detected in 

monitor well M-2C, which taps the lower aquifer zone (Appen

di: F, Table F-15; Appendi: G, Table G-1S). Similar concen

trations of arsenic and fluoride have been reported for wells 

northwest of t..~e H..~C facility in the vicinity of the projected 

surface trace of the Santa Cruz fault (Laney, 1972). The pro

jected surface trace of the Santa Crt~z ~~nlt i~ lo~a~ed about 

2,000 feet west of the HAC facility. 

ORGANICS: TCE was detected in eight of nine wells com

pleted in the regional aquifer at the HAC facility. Signifi

cant concentrations were detected in samples obtained from 

wells HAC-1, HAC-4, the Credit Union, and M-2B (Figure 18). 

Concentrations of TCE in these wells have ranged from 89 ppb 

at well HAC-4 to 2,700 ppb at the Credit Union wel~ (Appendiz E, 

Tabtes H-7, H-10, H-11, and H-14). TCE concentrations in the 

other wells were less than 10 ppb. 

TCA was detec~ed in:.~samples collected from wells RAC-1 

and the Credit Union °?App.endi:: H, Tables H-7 and H-11). Sam

_ples eollected in September 1981 from t.~ese wells indicated 

·TCA concentrations of 13 ppb at well HAC-1, and 6 ppb at the 

Cred~t Union Well (Figure 19). 

OCE was detected in five wells completed in the regional 

aquifer at the RAC facility. Significant concentrations of DCE 

were detected in water samples obtained from wells HAC-1 and 

the Credit Union (Appendi: H, Tabies H-7 and H-11). The con

centrations of DCE present in the September 1981 samples were 

47 ppb in well HAC-1, and l.60 ppb in the Cr.edit Union well (Fig

ure 20). DCE concentrations in the other wells were less than 

10 ppb. 

31. 
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Water samples obtained from wells HAC-l and the Credit 

Onion were analyzed for EPA priority pollutants (Appendi:r I, 

TabZes I-2 and I-3). The only priority pollutants detected 

in well RAC-1 were TCE, TCA, and DCE. Acid compounds, base/ 

neutral compounds, and pesticides were not found in the water 

sample. Several of the EPA priority pollutants were detected 

in the Credit Union well, including TCE, TCA, DCE, 1,2-trans

dichloroethylene, phenol, and di-n-butyl phthalate CAppen-
. -

di~ I, TabZe I-3). 

Water samples were collected from City of TUcson well SC-7 

in March and May 1981 by EPA (Ecotogy and Environment, Inc., 

1981). Analysis of these water samples by EPA indicated TCE 

~oncentrations of 77 and 66 ppb (Fisure 18), and DCE concen

trations of 11 and-2.1 ppb (Figure 20). 

CONCLUSIONS: The occurrence of TCE, -oCE, and TCA in the 
- - -

perched groundwater zone and in the regional aquifer indicates 

that these organic compo'¥'1ds were constituents of the waste

waters discharged at ,the -RAC facility. Because TCE, TCA, and 
-· 

-DCE are not naturally occurring substances, the presence of 
. -

these compounds in the upper zone of the regional aquifer sys

tem indicates that infiltration and percolation of wastewaters 

has occurred, and that wastewater has reached the regional aqui-

fer system. 

The presence of elevated chromium concentrations in water 

samples obtained from wells perforated in the upper aquifer zone 

also indicates· that percolation of wastewater to the regional 

aquifer system has occurred in the HAC facility area. The ab

sence of chromium in water samples obtained from monitor wells 

perforated only in the lower aquifer zone indicates that migra

tion of contaminants to the lower aquifer zone has not occurred. 

32. 
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The zinc, manganese, arsenic, and fluoride_detected in ground

water samples obtained from the regional aquifer are probably 

naturally occurring and unrelated to wastewater d~sposal prac

tices. 

The presence of toluene and bis(2-ethylhexyl) phthalate 

33. 

in the perched groundwater zone also indicates that organic 

compounds were discharged to the unlined wastewater disposal 

ponds, and that fluids fz:,em these ponds percolated to the perched 

groundwater zone. The 1,2-trans-dichloroethylene, phenol, and 

di-n-butyl phthalate detected in the Credit Union well suggest 

that wastewater~ of a different origin may have affe7ted the 

groundwater quality in the area of the Credit Onion •. 
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301 -CONCENTRATION OF TRACE METALS AND 
ORGANICS IN SOIL SAMPLES 

Soil samples were collected from 15 borings drilled at 

abandoned waste disposal pits, ponds, and ditches (Figure 2). 

A total o~ 401 soil samples were collecte~ and analyzed in 
order to.determine the nature and concentration of wastes 

disposed of at known or suspected waste disposal _sites. Con
centrations of trace metals and organics significantly greater 

than laboratory detection limits were used to verify the -loca

tion and type of waste disposed of at each site. The soil 

samples were prepared and analyzed for trace metals by BC Lab

oratories, Inc., Bakersfield, California, in accordance with 

procedures and methods recommended by the EPA (Appendiz J). 

Analyses for TCE, TCA, and OCE were performed on 77 selected 

soil samples by Jacobs Laboratories, Pasadena, California, in 

accordance with procedures and methods recommended by the EPA 

( Appendi: J). 

. --;;. 

TRACE METALS 

Soil sample extracts were analyzed for 14 selected trace 

metals: iron, manganese, copper, molybdenum, lead, chromium, 

selenium, cadmium, mercury, silver, zinc, nickel, arsenic, and 

barium (Appendi: K). Detection limits for the trace metals 

analyzed in the soil sample extracts are presented in Tabte 2. 

Exploration borings B-1, B-2, B-3, B-9, B-10, and B-11 

were drilled at the.sites of abandoned wastewater and sludge 

disposal ponds •. These sites were used to dispo·se of ·waste 

fluids and sludges containing high concentrations of various 

metals. Analyses of soil samples collected from these borings 

34. 
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indicate high metal. concentrations in the upper five to 10 feet 

of soil (Appendi: K, Tables K-1-through K-3, and K-9 through 

K-11). 

35. 

Borings B-l, B-2, and B-3 were drilled at the site of two 

abandoned _disposal ponds located west of the wastewater treat

ment plant (Figure ZJ. Trace metal concentrations greater than 

the detection limits were_reported for chromium, copper, cad

mium, zinc, and nickel-in the upper 10 feet of soil. In general, 

the greatest concentrations of trace metals were found in the 

upper two to three feet of soil •. 

Borings B-10 and B-11 were drilled at the site of two aban

doned sludge disposal ponds located east of Building 801 (Fig-

_ure 2). Boring s-i1 penetrated a plastic membrane and a clay 

layer which lined the bottom of the northern disposal pond. 

Boring B-10 penetrated a pl~stic membrane which lined the south

ern disposal pond. Trace metal concentrations greater than the 

detection limits for chrqmium, cadmiwn, nickel, arsenic, copper, 
. . ' 

silver, and zinc, were reported in soil samples from borings 

.B-10 and B-11 (Appendi: K; Tables K-10 and K-11). Significant 

concentrations of these elements were limited to the upper 

six feet of soil at boring B-10. Significant concentrations 

of trace metals were detected in boring B-ll to a depth of 

10.S feet, which was the maximum depth of the soil boring. 

Boring B-9 was drilled at the site of an abandoned dispos

al pond whi_ch was located beneath portions of evaporation ponds 3 

and 4 (Figure 2).' Boring B-9 penetrated a layer of green clay 

in the depth interval 3.00 to 3.75 feet (Appendi: K, Table K-9). 

This clay layer appears to have been the bottom of the po~d. 
Precipitates of copper and other metals probably cause the green 

color in the clay. Concentrations of manganese, copper, cad

mium, zinc, and nickel in the green clay were l.6, 110, 3.4, 7.0, 

and l.65 mg/1, respectively. 
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Exploration boring~ B-4, B-5, B-6, B-12, B-I3, and B-15 

were drilled at the site of suspected abandoned waste di§posal 
. < 

pits. Significant concentrations of trace metals were not re-

ported for soil samples from these borings (Appendi:·K, Tab

Les K-4, K-5, K-6, K-12, K-13, and K-15). 

303 

Exploration borings B-7, B-8, and B-14 were drilled in, ·or_ 

adjacent to, the ditch which is located north of the holding 

ponds and evaporation ponds rFigure 2). Significant concentra

tions of trace metals were not reported for soil samples ob

tained from these borings (Appendi: K, TabLes K-7, K-8, and K-14). 

Conclusions 

Based on the results of chemical analyses of soil sample 

extracts, it appears that the unlined, abandoned wastewater 

disposal ponds, and the sludge disposal ponds were probably 

~L- --•--•--, ~•---••, -~•-•· ~-- -••••-•••• •"~ c1n~~c ~~n~~~n-
i:;..ie p~.&..l1~-',,~CL.A. U..J..;::t.t'U.;,iQ.- ,_.,_._,__. "'-~• wg,~\a,,.._._.._..._,_..., _,.,..,. liiill---':,- --••---•• 
ing trace metals. Chemical ·analyses of soil samples obtained 

beneath suspected disposal ~it$i and ponds indicate that signi

ficant· trace metal concentrations usually occurred in the 

upper iO feet of soils. The mobility of trace metals is re= 

lated to the pH of the soils. The pH of the soils at the HAC 

facility ranged from about 8 to 10 (Appendi: KJ .. The alkaline 

nature of the soils beneath the abandoned disposal ponds and 

sludge ponds probably caused attenuation of most of the trace 

metals in the upper 10 feet of soils. 

Chemical analyses of soil samples obtained beneath sus

pected disposal pits indicate.that the pits are probably not 

1urces of trace metal contamination for the groundwater system. 

36 . 
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Manganese was ·consistently detected throughout the depth 

interval penetrated by the soil borings. The source of manga

nese in the soil samples is probably manganese oxide, which 

occurs as a thin, black varnish or coating on soil particles. 

The low solubility of manganese in alkaline soils, and the 

natural occurrence of the manganese oxide· in soils, suggests 

that manganese would be a naturally occurring trace metal in 

the ty-pe of soil 

ORGANIC CONSTITUENTS 
. 

Chemical analyses were perfonaed on,; selected soil sam-

ples from the soil- borings to determine the concentrations of 

TCE, TCA, and DCE (Table 3\J. Concentrations of TCE were found 

in all borings except B-ll (Figure 21). Concentrations of 

TCE were usually less_ ~han 20 ppg, :!;rgt were as high as 45 ppb. 

Concentrations of TCA:weFe reported only in soil samples from 

borings B-9 and B-13. ~CE was not detected in any of the 

soil samples. 

The highest concentrations of TCE were found in soil sam

ples collected from borings B-12, B-13, and B-15, which were 

drilled at suspected waste disposal pits (Figure 2). TCE con

centrations in soils at these three sites averaged about 20 ppb, 

with concentrations as high as 45 ppb (!!'able 3';. In general, 

TCE concentrations increased with deoth. which tniqht reflect -- -------- ---------· ------ ---- ---- -- .. ---, - -
the volatile nature of TCE and the decreasing effect of evapora

tion with depth. 

Borings B-4, B-5, and B-6 were drilled at the sites of sus

pected waste disposal pits (Figure 2). TCE concentrations in 

these borings ranged from none detected to 13 ppb .. 

37. 
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Borings B-l,-B-3, and B-9 were drilled at abandoned dis

posal pond sites north and west of the lined evaporation ponds. 

TCE concentrations in soil samples from these ?orings averaged 

al:lout 8 ppb and ranged from none detected to 32' ppb (TabZ.e 3/J. 

Boring B-10 was drilled through an abandoned sludge dis

posal pond located east of Building 801 (Fi~ure 2). TCE con

centrations in soil sampl~s obtained from boring B-10 ranged 

from none detected to 5 ppb. TCE was not detected in the soil 

samples obtained from boring B-11, which was also drilled 

~ough an al:lan~oned sludge pond located east of Building 801. 

Borings B-7, B-8, and B-14 were drilled along the drainage 

ditch north of the evaporation and holding ponds (Figure ZlJ. 

Concentrations of TCE in soil samples from these borings ranged 

from 3 to 36 ppb. 

conclusions 

Results of chemical,_-analyses of soil samples indicate that 

TCE was discharged in wastewater to the unlined ditch and aban

doned disposal ponds, and was also disposed of in several pits 

at the HAC facility. In general, concentrations of TCE in the 

soils were greatest at the sites of suspected disposal pits. 

Based on these data, it is concluded that the disposal pits in 

the areas of borings B-12, B-13, and B-15 were the principal 

disposal sites for TCE. 

Concentrations of TCE as high as 4S ppb were detected at 

a depth of 95 feet,-which was the maximum depth of·samples 

analyzed. These data' indicate that TCE is mobile in the sub

surface, and is probably not significantly attenuated by the 

soils •. It is concluded that TCE has probably percolated to 

the regional aquifer system beneath the HAC facility. 

38. 
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TABLE l 

SUMMARY OF l,IATER SAMPLES COLLECTED FROM WELLS 

HUGHES AUiCRAFT COMPANY, TUCSOIN, ARI ZONA 

( 

.--' -
•.••.••••••••••••• ; • , , • , , •• , •• , , ••••••• , •• , •••• , •••.• , . DATE SAlll'LE'D - 1981 ••••••.•.••••••.••..•••..•.••••• , • , .••.•.•••. , . , ••••. , 

\/ELL 
lDEtrrlflCATIOH 1/'.E_a l/ll

8 ilia 

HAC-1 T,.R T 

HAC-2 T,R 

HAC-3 T 1,R T 

HAC-4 T
1
,R T 

CREDlT UNION 

H-lA 

H-18 

H-2A 

,H-2B 

H-2C 1 

B-1 

B-2 

8-3 

B-7 

B-9 

E X P L A N A T I O N 

aie■lcal Analyses: 

0 - Volatile organlc• 
T - Trace metals 
R - Conmon ions 
C - Cyanide · 
P - EPA prlorlty 11ollutants 

"samples collected by Hughes Al<craft Company 

bSampl!:!9 collectc.tl by lf~.,q;ts & Huntgumery, Int:., 

S/6b 5/lBb 5/26b s121• lli_b 

" 
T,R T 

T,R T 

T,R T 

t, ll T 

T,R T 
. . .... 

T ,ll 

T,R 

T,R I 

T,R 

T,,R 

6/24b 7/2b 7/lSb 7/)0b llib 

T,R O,T 

T,R O,T 

T,R o,t 

T ,ll O,t 

· T ,ll O,T 

1~ ,R 0 

1t ,R 0 

0,T,R 

~r .a 0 

'.r ,R 0 

T,R O,T . 
T,R O, T ,ll 

T,ll o,r 

T O,T 

T,ll O,t,R 

9/llb 

O,T,C,P 

O,T 

0,T 

O,T 

O,T,C,P 

o,r 

O,T 

o,r 

0,T 

'll.J1.b 

O,T 

O,T,C,I? 

o;r 

O,T 

o,r 

O,T 

w 
0 
C::; 

~ 
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TABLE 2 

LABORATORY DETECTION LIMITS 
FOR TRACE METALS 

CONSTITUENTS ... 
Iron 

Manganese 

Copper 

Molybdenum 

Lead 

Chromium 

Selenium 
:•·· 

Cadmium 
.. 
'1 

.. ,:. 
Mercury. 

Silver 

Zinc 

Nickel 

Arsenic 

Barium 

•, 

(From BC Labrlratories, Inc.• 

DETECTION 
LIMIT 

(rrri,1,1,~ ee:r iite:r) 

0.1 

0.05 

o.os 
0.1 

0.05 

0.025 

0.01 

0.0l 

9.2 . - - ... 

0.05 

0.05 

·0.01 

0d0l 

1.0 

Bake:rs fie Z.d, Ca.1. i, f orn:ia.) 

BAB.GIS A MONTGOI\IERY, INC. 

tuaON, ARIZONA 
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BORING 
NUMBER 

B-l 

B-3 

TABLE 3 ·I 
I 

CONCENTRATION OF ORGANIC 
CONSTITUENTS IN SOIL SAMPLES 

DEPTH OF 

-

SAMPLE 1 TCE (ppb)2 TCA (ppb) 

-
0-l ND' ND 

1-2 2 ND 

3-4 4 ND 

7-8 8 ND. 

14-15 ll ND 

30-31 7 ND -

35-36 20 ND 

50-51 15 ND 

70-71 3 ND 

7"Z-78 . . ... 18 ND .. 
!1. 

-i:. 

5-6 s ND 

7-8 3 ND 

19-20 2 -ND 

45-46 8 ND 

80-81 2 ND 

3.1 0 

DCE (ppb) 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

Analyses performed ~y Jacobs Laborato,ries. Pasadena., Califomia 

3-1 

1Depth ~elcw land surface, in feet. 
2 Parts per billion. 
3None detected. ~ HARGIS 41 MONTGOMERY, INC. 

~ TUCSON, ARIZONA 
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TABLE 3 
CONCENTRATIONS OF ORGANIC. 
CONSTITUENTS IN SOIL SAMPLES 

BORING DEPTH OF 
NUMBER SAMPLE 1 TCE (ppb)Z 

B-4 l-2 2 

6-7 5 

20-21 3 

54-55 7 

90-91 6 

B-5 1-2 i2 

6-7 9 

20-21 6 

49-50 3 

84-85 ND 
:•·· 

. ""' , . 
.. 

.:,. 

B-6 1-2 2 

5-6 ND 

21-22 13 

49-50 5 

95-96 4 

3-2 

3 .11 

TCA (ppb) DCE (ppb) 

ND3 ND 

ND ND 

ND AU 

ND ND ., 
ND ND 

ND ND 

ND 
....... . ~.., 

ND ND 

ND ND 

ND ND 

ND 
..,.,.. 
l.UJ 

ND ND 

ND ND 

ND ND 

'"""' ND l.'U.I 

Anal.uses "!JeT-;~or-med bu Ja.oobs !-'?Oorator,;es.- Pa.s"~t:1'!"-l'T, r.n1i fa""ia. 
., • .., 

J 

1Depth ·below land surface, in feet. 
2Parts per billion. 
3None detected. 

~ BABGIS & MONTGOMERY, INC. 

~ TUCS9N, ARIZONA · 
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TABLE 3 
CONCENTRATIONS OF ORGANIC. 31 :·) 

. ·-
CONSTITUENTS IN SOIL SAMPLES 

' 
BORING DEPTH OF 
NUMBER SAMPLE 1 TCE (ppb)" TCA (ppb) DCE 

, ... _ .... , 
I to' t".., / 

B-7 1-2 3 ND' ND 

7-8 6 ND ND 

35-36 - 12 ND ND 

59-60 4 ND ND 

65-66 10 ND ND 

80-81 3 ND ND 

84-85 13 ND ND 

B-8 1-2 13 ND ND 

4-5 11 ND ND 

5-6 ll ND ND 

.... 
. • . · . .! 

' 

"· 
:e-9 1-2 17 ND ND 

3-3.75 6 ll ND 

9-10 5 ND ND 

39-40 ll ND ND 

74-75 32 ND ND 

AnaLyses performed by Jacobs Laborertories; Pa.sadena.-Califomia 

l Depth below land surface 1n feet. 
2 • 
Parts per billion. 

3None d-etected. 
HARGIS & MONTGOMERY, INC. 
TUCSON, ARIZONA 
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TABLE 3 
CONCENTRATIONS. OF ORGANIC. 
CONSTITUENTS IN SOIL SAMPLES 

BORING DEPTH OF 
NUMBER SAMPbE 1 TCE '--'-'" \i,'!:'~1-

B-10 1-1.1 ND 

7-8 ND 

29-30 -- ND 

49-50 5 
69-70 2 

94-95 4 

B-11 1-2 ND 

3-4 ND 

5-6 ND 

7-8 ND 

:-·• ·., 
~!. 

l: 

B-12 2-3 
-.,!. : 16. 

11-12 29 

21-22 12 

44-45 34 

74-75 18 

3-4 

3.13 

TCA (ppb) ----Ul..t. '--"""'' \l:-'1:-''-'1 

ND' ND 

ND ND 

ND ND 

ND ND 

ND ND 

ND ND 

ND ND 

ND ND 

ND ND 

ND ND 

ND ND 

ND ND 

ND ND 

ND ND 

ND ND 

AnaZ.yses performed· by Jacobs Laboratories, Pasadena., Caz.ifomia 

1Depth below land surface, in feet. 
2 Parts per billion. 
3 Noue .detect:ed. 

.... . . , 
HARGIS & MONTGOMERY, INC. 

TUCSON, ARIZONA 
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TABLE 3 
CONCENTRATlONS OF ORGANIC 
CONSTITUENTS IN SOIL SAMPLES 

BORING 
NUMBER 

B-13 

B-14 

B-15 

DEPTH OF 
SAMPLE 

1-2 

4-5. 

9=10 

13-14 

29-30 

40-41 

49-50 

75-76 

80=81 

94-95 

10-ll 
"24-25 

3-4 

8-10 
, i::_, g 
•w- ,..., 

44-45 

94-95 

.. 

TCE (ppb) 

6 

:··➔ 

•·~ 
-· -· . 

11 

7 

14 

10 

33 

35 

ll 
2S 
41 

36 

14 

5 

11 
. 24 

32 

45 

• 

TCA (ppb) 

ND 3 

ND 

ND 

2 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

3.14 

DCE (ppb) 

ND 

ND 

ND 

ND 

ND 

ND 

ND 
ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

3-5 

AnaZ.yses performed by Jacobs Laboratories, Pasadena, Caz.ifornia 

1Depth below l.and surface, in feet. 
1 Parts per bi.llion. 
3None detected. 

HARGIS &I MONTGOMERY, INC. 

Tl/OOH. AJIIZOHA 
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PHASE II 

INVESTIGATION OF SUBSURFACE CONDITIONS IN THE 
VICINITY OF ABANDONED WASTE DISPOSAL SITES 

HUGHES AIRCRAFT COMPANY MANU_FACTURING FACILITY 
TUCSON, -

CONCLUSIONS 

31J 

Analysis of geologic and hydrologic data collected at the 

Hughes Aircraft Campany (HAC) Manufacturing Facility in 

Arizona during the Phase. -II investigation indicates th'e follow
. . ; 

ing: 

l. Concentrations of trichloroethylene (TCEJ 

greater than 10,000 ppb (parts per biLLion) 

occur in the regional aquifer beneath the-::.-:. 

BAC facility site. High concentrations of 

c:~cmium, 1,1,l-trichloroethane (TCAJ, .and 

l,l-dichloroethylene (DCEJ also occur in 

the regional aquifer beneath the BAC facil

ity. 

2. Solvent disposal pits located in the area west 

of Building 801 and north of the wastewater 

treatment plant were probably the principal 

I 

I 

I 
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I 

I --

I 

I 

3. 

e HARGIS & MO'.'iTGO~!ERY. INC. 

sources of TCE, TCA, and DCE that have con

taminated the reaional aouifer. Residual 
- J - - - ... 

concentrations of these organic-compounds 

in the soils in this area are low, and in

dicate that these abandoned pits a.re no 
., _____ --·----18 -~ _ .......... !!l .... .;_!1111.,.;""" '• 
.J.U.IJl3C::..I; bU._.,..\.C-1 "-'• '-"-'"'"'-~"'w.••...,.u• 

The abandoned sludge disposal pits east of 

Building 801 were the principal source of 

chromium th~t _has contaminated th~ regional 

aquifer. Although scattered high residual 

concentrations of chromium occur in the 

soils beneath the abandoned pits, the ab

sence of percolating fluid to mobilize the 

chromium effectively eliminates this source 

of contamination. 

4. Contamination of the regional aquifer north 

of the RAC facility property boundary has 

probably occurred as a result of historic 

waste disposal practices at the RAC facil

ity. TCE ~on~entrations greater than 

s. 

2,000 ppb, OCE concentrations greater than 

100 ppb, and TCA concentrations greater 

tb.a.n 10-ppb probably occur in the regional 

aquifer north of the HAC facility propert? 

Contamination of the regional aquifer with 

chromium has apparently been limited to a 

small area beneath tbe RAC facility due to 

historic pumping of production well HAC-l. 

Although some of the chromium contamination 

may extend north of the facility property 

2. 
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e HARGIS & :\JQ:--;TGO\·IERY. I:\C. 

boundary in the vicinity of the Credit 

Onion well, the contribution of historic 

clisposal practices to off-site chromium 

contamination is probably small. 

6. The perched groundwater zone discovered in 

the area beneath the abandoned wastewater 

clisposal ponds and ditches is apparently 

confined to an area of about 100 acres on 

the RAC facility property. Contaminated 

groundwater- in the perched zone does not 

pose an immediate ti..reat to water quality 

in the regional aquifer off-site. 

3. 

343 
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RECOMMENDATIONS 

The data collected during the Phase I and Phase II inves

tigations provide an adequate base to design a groundwater 

clean-up system at the RAC facility. The extent and.concen

tration of contaminants in the regional aquif~r northwest of 

the BAC facility are unknown. The following are recommended: 

l. Monthly sampling and chemical analysis of 
gro\lll.dwater for inorganic and organic 

·• 
constituents from the monitor wells and 

EiAC production wells should continue. 

2. A groundwater recovery and treatment system 

should be designed and implemented as 

soon as possible for the regional aquifer 

beneath the HAC facility. 

•. 

" 
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PHASE II 

INVESTIGATION OF SUBSURFACE CONDITIONS IN THE 

VICINITY OF ABANDONED WASTE DISPOSAL SITES 

HUGHES AIRCRAFT COMPANY MANUFACTURING FACILITY 

TU.CS ON, AR i ZONA 

INfRODUCTION 

5 • 

3'15 

Pursuant to a ~equest from Mr. David L. Mulliken, Attorney, 

Latham & Watkins, this F11mrnary report of the Phase II investiga

tion at the Hughes Airciaft Company (BAC) Manufacturing Facility 

in Tucson, Arizona has ~een prepared. 

Phase II investigation were as fo1lows: 

,..,._ 
.. .u,: objectives of the 

l. Define the distril:lution of contaminants in the 

regional aquifer system. 
-:;-_ 

2. Determine which sites were used to dispose of 

organic solvents, and determine the residual 

concentration of contaminants in the soils. 

3. Estimate the contribution of ccnta.~inants from 

•· · the RAC facility to off-site groundwater con

tamination. 
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e HARGIS&: :\lONTGOMERY. l:';C, 6. 

34G 
The design of the Phase II investigation was based on data 

collected during the Phase I investigation, which was conducted 

from May through October 1981 (Hargis & Montgomery. Inc., 1982). 

The Phase I investigation comprised drilling exploratory soil 

borings at suspected disposal sites, collection of soil samples 

~~~ffl ~ho kn~~~~c ~n~ dA~~nunation of contaminant concentrations._ 
•-W6M ---- ----••':!'-
and construction cf monitor wells for ccllect~cn cf groundwater 

samples.· ~~ring the Phase! investigation, a zone ~f·per~hed 

groundwater was discovered beneath the area of the abandoned 

wastewater disposal ponds. Selected soil borings were completed 

as monitor wells in this perched groundwater zone. Chemical 

analyses cf water samples collected from these wells indicated 

the presence of contaminants in the perched groundwater. 

Data collected during the Phase I investigation indicated 

that 

prises two distinct water-bearing zones. They have been desig

nated the upper and lower zones, and are separated by a clay 

unit which restricts water movement between the zones (Hargis & 
Montgomery, Inc .• 1982). Chemical·- analyses of water samples col

lected from monitor well~ penetrating the upper and lower zones 

indicated that the zcnes'.'.contain groundwater of different chemi

cal quality, and that cohtamination of the aquifer.beneath the 

site has apparently been limited to the upper zone. The Phase I 

investigation also included determination cf historic water level 

changes, pumpage volumes, and the direction of ground~ater move

ment in the regional aquifer system. • 

The Phase II investigation included drilling additional soil 

borings at known and suspected disposal sites (Figure l). Soil 

samples collected from the soil borings were analyzed for selected 

organic compounds. •·Monitor wells were constructed in the perched 

groundwater zone, and in the upper and lower zones of the regional 

aquifer, to determine the distribution and concentration of 

.. ' 
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contaminants. Pumping tests were conducted in production wells 

BAC=l, a..~g ~C-4 to provide data on the hydraulic charac-

ter of the regional aquifer. 
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HYDROGEOLOGIC CONDITIONS 

The regional geologic setting, local structural features, 

and hydrogeologic conditions at the RAC facility were described 

in the report of the Phase I investigation (Hargis & Montgomery, 

Inc., 1982). The Phase I investigation compri_sed construction 

cmd sampling of soil borings and monitor wells completed in 

the perched groundwater zone and regional aquifer. During the 

Phase II investigation, the areal extent and hydrogeologic 

character of the Fegional aquifer and perched groundwater zone 

at the SAC facility were~urther defined with data obtained from 

additional monitor wells and soil borings. Lithologic logs of 
' 

.materials penetrated by the soil borings and monitor wells de-

fined the geologic nature of the perched zone and regional aqui

fer (Appendices A and BJ. Bydrogeologic cross sections were 

constr~cted based on these data (Figure 2). ~~ni~iona1 d2ta 

concerning the hydraulic character of the regional aquifer was 

obtained from pumping tests in 

tion weils. 

REG"ION'AL AQU·IFER 

The nature of the regional aqw.fer in the RAC facility area 

has been defined by data obtained from monitor wells and the HAC 
- . ---

production wells. A total of 24 monitor wells have-Deen con-

structed in the regional aquifer at the RAC facility during the 

Phase I and Phase II investigations (Figure l). Hydrogeologic 

cross sections constructed from lithologic logs of the monitor 

wells indicate that the regional aquifer comprises an upper zone 
~ 

and lower :zone separated by a thick sequence of clayey sediments. 

An extensive clay layer also occurs above the water table. This 

clay.· layer retards the downward migration of fluids and has 

caused the development of a perched groundwater zone above the 
. . 

regional water table. 



(-

C 

C 

C 

1,-e 

I . 

• \ 

I 

9. 

349 
Upper zone 

The upper zone of the regional aquifer comprises gravell· 

sand with some clayey sand and sandy clay. The upper zone ex 

tends from the-water table to a depth of about 200 feet, and 

ranges in thickness from about 60 to 100 feet (Figure 3). 

Groundwater occurs in the upper zone under unconfined condi-

tions. Monitor wells perforated only in the upper zon~ indi= 

cate that the water table occurs at depths of about 100 to 

140 feet beneath the B.AC facility (Tabte 1). -
The upper zone is u.~derlain by a zone cf ~lay and sandy 

clay ranging in thickness from about 100 to 160 feet (Figure 

This clay unit restricts the movement of ·groundwater between 

the upper and lower zones o~ the regional aquifer. 

Lower zone 

The lower zone of the regional_. aquifer comprises clayey 

sand with lenses of gravelly sand and sandy clay. The cornple 

thickness of the lower zane has not been penetrated by wells 

the B.AC facility area. The lower zone extends from about 30C 
-.: . 

below land surface to an unknown depth (Figure 3). 

Water levels measured in wells perforated only in the le 

zone are significantly lower than water levels measw;~d in me 

tor wells perforated only in the upper zone. The water level 

difference between the upper zone and the lower zone ranges f 

about seven feet at wells M-lA and M-lB, to about 115 feet at 

wel.ls M-2B and M-2C ('1'ab'Le l}. The difference in water level 

petween the two zones indicates there is potential for downwa 

movement of groundwater from the upper zone to the lower zone 
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PERCHED ZONE 350 
The perched groundwater zone comprises sandy clay and clay, 

and overlies the upper zone of the regional aquifer (Figure 3). 

The perched zone underlies a.bout 70 to 120 feet of unsaturated 

alluvial sediments (Figure 3). These sediments consist of alter

n~ting mixtures of sandy clay, clayey sand, gravelly sand, and 

caliche. 

The perching clay retards vertical migration of fluids be

neath the RAC facility, causing perched groundwater zones to 

develop beneath sourc;s of percolating water. Perched ground

water was encountered in several soil borings and perched zone 

monitor wells constructed in the area of the abandoned wastewater 

holding ponds (Figure 1). Perched groundwater was also encoun

tered in holes constructed along the drainage ditch located 

north of the holding and evaporation ponds at the wastewater 

treatment plant (Figure 1). The perched groundwater body in 

these areas has a surface area of about 100 acres, and a satu

rated thickness ranging from less.~an one foot to as much as 

five feet (Figure 4). Water levels measured in the perched zone 

monitor wells ranged frcilji a.bout 80 to 100 feet below land sur

face (Tab1,e 2). The sources of water to the perched groundwater 

zone probably include percolation of natural runoff and waste

water from the abandoned wastewater holding ponds and ditches. 

Water level contours of the perched groundwate~~~zone indi

cate that a mound of groundwater occurs in the vicinity of 

monitor wells B-9 and M-2A (Figure 4). This mound occurs be

neath the abandoned wastewater disposal ponds and also beneath 

an excavated area south of well M-2A. The area near well M-2A 

receives runoff from the drainage ditch located north of the 

holding and evaporation ponds. The perched groundwater mound 

suggests that the abandoned wastewater disposal ponds, and the 

excavated area south of we11 M-2A, are probably the sources of 

... , 
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the water in the perched groundwater zone.•. The ditch north of 

the holding and evapor~tion ponds, and the abandoned percola
tion bed locate4 e~st of holding pond no: 2, might also be 
sources of the perched groundwater (Figure 1). 

Perched groundwater was also encountered in monitor wells 
P-6 and P-10 (Figure 4). The perched groundwater observed in 
these tw~ wells is probably net continuous with the perched 
groundwater body in the vicinity of monitor wells B-9 and M-2A. 
Perched groundwater in the vicinity of well P-6 may result from 
percolation cf runoff wh1ch ponds next to the railroad embank
ment. Perched groundwater in the vicinity of well P-10 might 
result from percolation of runoff in the nearby arroyo, and 
percolation of ·discharge from the NPDES (Nationai Poiiution 

Discharge Eiimination System) west discharge (Figure 4). 

•. 
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HYDRAULIC CHARACTER OF 

Hydraulic properties of the upper and lower zones of the 

·~ regional aquifer were determined from aquifer pumping tests • 

• , Long-term aquifer tests were conducted at production wells 

l RAC-1, RAC-3, and RAC-4. Short-term aquifer tests were con

ducted in 21 monitor wells during the Phase II investigation. 

- '-

Data the 

aquifer coefficients of transmissivity and .storage. 

LONG-TERM AQUIFER TESTS. 

Long-term aquifer tests, ranging from three to four days 

in duration, were conducted at production wells HAC-1, HAC-3, 

and RAC-4. Tests were conducted at these wells to determine 

·, hydraulic properties in the upper zone of the regional aquifer. 

' l 
·., 

. ·.( 

: ·1 
., .. 
' 
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•. 
Pumping equipment was removed from each well and a submer

sible test pump insta~le~. Because wells RAC-l, RAC-3, and 

HAC-4 are perforated, in 
0
both the upper and lower zones o·f the 

regional aquifer,. an inflatable packer was attached to the 

bottom of the test pump assembly in order to seal off the lower 

aquifer zone. The packer was placed at a depth of 236 feet in 

wells RAC-1 and HAC-3, and at a depth of 223 feet in'-:well HAC-4 

(Figure SJ. 

Water level measurements in the pumped wells and monitor 

wells were obtained with electric sounders. Pumping rates at 

wells HAC-1 and HAC-3 were measured with a cumulating flowmeter 

installed in the di'scharge line. Pumping rates at well H.AC-4 

were measured with an orifice plate and pitot tube. Al.l well 

discharge was piped to holding ponds at the wastewater treat

ment plant • 

... \ 

I 
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Well RAC~l Aquifer Test 333 

The aquifer test at well HAC-1 comprised pumping well HAC-l 

at an average discharge rate of 478 gpm (gaiions per minute) for 

four days, and measuring water level drawdown and recovery in 

wells RAC~l, M-3A, M-3B, M-5, M-11, and·M-20 (Figure lJ. Pump

ing at well HAC-1 started at 0830 hours on December 15, 1981 

and ended at 1000 hours on December 19, 1981. Water level re

covery was measured for a period of about 3-1/2 days after pump

ing stopped. 

Analysis of aquifer"test data indicates that the transmis

sivity of the upper zone of the regional aquifer in the vicinity 

of weli RAC-1 is about 25,000 gpd/ft (gaiLons per day per foot 

width of aquifer at l:l hydrauiic gradient). The aquifer test 

data indicate a storage coefficient of about 0.09 (Tabie 3). 

Onder conditions of long-terlD pumping, the storage coefficient 

would probably approach 0.15. 

Based on a saturated thickness of about 70 feet, the average 

permeability of the upper aquifer·zone in the vicinity of well 

HAC-1 is estimated to_ b~.about 360 gpd/ft 2 (gallons per day per 

square foot) (Ta.bie 3) •. '. 

we1·1 HAc-"J· Aquifer Test 

The aquifer test at well HAC-3 comprised pumping.well HAC-3 

at an average discharge rate of about 508 gpm for four days, 

and.measuring water level drawdown and recovery in wells HAC-3, 

M-lA, and M-lB (Figure l). Pumping ·at well HAC-3 started at 

1720 hours on December 5, 1981 and stopped at 1720 hours on De

cember 9, 1981. Water level recovery was measured for a period 

of about four days after pumping stopped. 

I 
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Analysis of aquifer test data indicates that the transmis-

sivity of the upper zone of the regional aquifer in the vicinity 

·of well RAC-3 is about 40,000 gpd/ft (TabZe 3). Under condi

•tions of long-term pumping, the storage coefficient would prob
ably approach 0.15. 

Based on a saturated aquifer thickness of about 75 feet, 

the average permeability of the upper aquifer zone in the vicin
ity of well RAC-3 is estimated to be about 530 gpd/ft 2 (Table J). 

Well RAC-4 Agu.ifer Test 

The aquifer test at well HAC-4 comprised pumping well HAC-4 

at an average discharge rate of 134 gpm for three days and mea-
. : 

suring water level drawdown and recovery in well HAC-4 and moni-

tor well M-16 (Figure 1). Pumping at well HAC-4 commenced at 

0830 hours on November 29, 1981 and ended at 0830 hours on De-
c~9nber 2, 1981. Water ·level reccverJ was measured in wells HAC-4 

and M-16 for about 2-1/2 days after pumping stopped. 

Analysis of aqu-ifer test data indicates that the transmis

sivity of the upper_zon~ of the regional' aquifer in the vicinity 

of w,_ell RAC-4 is about 30,000 gpd/ft. The test data indicate a 
storage coefficient of about 0.09 (TabZe 3). Under conditions 
of long-term pumping, the storage coefficient would probably 
approach 0.15. 

-::,,-_ 

Based on a saturated thickness of about 85 feet, the average 
permeability in the vicinity of well RAC-4 is estimated to be 

about 350 gpd/ft 2 (Tabte 3). 

SHORT-TERM AQUIFER TESTS 

Short-te.rm aquifer tests were performed in 20 Phase II moni
tor wells, and Phase I monitor well M-lB. Short-term tests 
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comprised pumping each well for a period of about six hours, 

and measuring water level drawdown and recovery in the well. 

These tests were conducted to provide additional data concern

ing the coefficient of transmissivity in the upper and lower 
zones of the regional aquifer. 

A submersible test pump was initially installed in each 

well. The discharge line at each well was equipped with a 

cumulating flowmeter and/or an orifice pipe and pitot tube sys
tem for measuring discharge rate. 

Analysis of water level recovery data provides an estimate 
of the transmissivity of the aquifer in the vicinity of each 

monitor well (TabZe 3). Results of these analyses indicate that 

the transmissivity of the upper zone of the regional aquifer 

ranges from about 100,000 to less than 1,000 gpd/ft, and the 
transmissivity of the iower zone of the regionai aquifer ranges 

from about 200 to 3,000 gpd/ft (Table 3). 

The estimated permeability of. the upper zone of the regional 

aquifer ranges from about 6 to 1,400 gpd/ft 2 (TabZe 3). The 

permeability of the rower zone ranges from about l to 20 gpd/ft 2 

(Tab Le 3) •. 

CONCLUSIONS 

Analysis of aquifer tests indicates that the average coef
ficient of transmissivity of the upper zone of the regional aqui
fer is about 30,000 gpd/ft at the HAC facility. Results of 
aquifer tes.ts indicate that the transmissivity of the upper zone 
tends to increase to the west and northwest across the HAC fa

cility property. 
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Analysis of water level drawdown data collected in moni
tor wells during the long-term aquifer tests indicates a coef
ficient of storage in the upper zone of about 0.09. The 

coefficient of storage woul_d probably approach 0 .15 after sus

tained pumping of several months or years. 

The average permeability of the upper zone of the regional 
aquifer in the RAC facility area is estimated to be on the order 
of 100 to l,000 gpd/ft2 • The average permeability of the lower 
zone is estimated to be on the order of 1 to 10 gpd/ft 2

• 

---

.. _, 
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CHEMICAL QUALITY OF WATER 

GROUNDWATER 

The chemical character of groundwater in the HAC facility 

area has been defined by laboratory analyses of groundwater 

samples collected from production wells, monitor wells, and 

soil borings. Three production wells, seven monitor wells, 

3S7 

and five soil borings -were sampled on the facility property 

during the Phase I investigation (Hargis & Montgomerya Inc.> 

1982). Water quality da~a from production well SC-7, located 

west of the RAC facility, were obtained from the City of Tucson 

Water Department. Additional water quality data have been ob

tained from these wells during the Phase II investigation, and 

from monitor wells constructed in the regional aquifer and 

perched groundwater zone during the Phase II investigation. 

Phase II Water Sampling 

During the period October through December 1981, 29 moni

tor wells were constructed at the RAC facility. Nine monitor 

wells were constr~cted ~ the perched grou..~dwater zone and 

20 monitor wells were constructed in the upper and lower zones 

of 

Groundwater samples have been collected monthly=-~rom pro

duction wells HAC-1, HAC-3, RAC-4, and the Credit Union well 

since May 1981. The monitor wells have been sampled monthly as 

they were completed. Chemical analyses have included determina

tion of routine constituents, selected trace metals, and vola

tile organics. Routine constituents comprise common ions and 

cyanide. Selected ~ells have also been sampled for EPA (Environ

mental Protection Agency) priority pollutants. 

An~lyses for routine constituents arid trace metals were 

performed by BC Laboratories, Inc., Bakersfield, California. 
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Analyses for volatile organics, EPA priority pollutants, and 

cyanide were performed by Jacobs Laboratories, Pasadena, Cali

fornia. All water samples were collected and processed accord

ing to standard techniques (Appendi: CJ. 

Water samples collected from monitor welI M-6, perforated 

in the upper zone of the regional aquifer, and monitor well 

P-10, perforated in the perched groundwater zone, were analyzed 

for EPA priority pollutants. The EPA priority pollutants in

clude volatile organic compounds, acid compounds, base/neutral ... 
compounds, and pesticides. A total of 113 compounds were ana-

lyzed by Jacobs Laboratories. 

Perched ,z·one 

Perched groundwater was encountered in monitor wells C-3, 

P-1, P-6, P-8, P-10, and B-19 constructed during the Phase II 

investigation (Figure 4). Perched groundwater was also en-

--•"-•---.A 
'-''wW..U '--=• ... """' iri soil borings B-1, B-2\ B-3, 

well M-2A constructed during the Phase I investigation (Figure 4) . .. 
•• 

COMMON IONS: Groundwater in the perched zone is generally 

a sodium sulfate or calcium sulfate type. Calcium and sodium 

are the principal cations, and sulfate is the principal anion in 

solution (Appendi: D, TabZes D-1 through D-11). The-..total dis

solved solids content of water samples collected from the perched 

zone ran~ed from about 400 to 1,200 mg/1 (mitZigrams per Ziter). 

In general, when the perched groundwater has a total dissolved 

solids content less than 500 mg/1, it is a calcium or sodium bi

carbonate type. When the perched groundwater has a total dis

solved solids conte'nt more than 500 mg/1, it is usually a calcium 

sulfate type • 

, 
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TRACE METALS: Significant concentrations of chromium, 

19. 
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iron, manganese, and zinc have been detected in groundwater 

samples obtained from the perched zone. Borings B-1, B-2, B-3, 

and B-9 were completed in ~he perched zone in or near the aban

doned wastewater disposal ponds (Pigure 1). Concentrations of 

trace ~~tals in groundwater s•tnples obtained ·~rnm ~~sp bo~ing~ 

are as high as 0.16 mg/1 for chromium, 0.13 mg/l for iron, 

·1.10 mg/l for manganese, 4'~d l.BO mg/1 fer zinc (Appendiz E~ 

TabLes E-1 through E-3 and E-5). Chromium, iron, manganese, 

.monitor well M-2A {Appendi~ E~ TabZe E-7). The concentration 

of total chromium in the perehed zone has ranged from none 

detected at well P-10, to 0.21 mg/lat well B-3 (Figure 6). 

The chromium content of the perched groundwater appears to be 

greatest in the area of the abandoned wastewater disposal ponds • 

The EPA has established limits for concentrations in drink-

ing water of 0.05 mg/1 for c.h.rc~~um, 0.05 mg/1 for manganese; 

0.30 mg/l for iron, and 5.0 mg/l ~or zinc. Consequently, con

eentrations of chromium. and manganese in the perched groundwater 

exceed the limits for dr;:LnJcing water. The limit for manganese 

appears in the Secon.da.r·1:r D~inking .Water StandtZT-ds which are 
. .:. 

based on property protection and aesthetic criteria. The limit 

for chromium appears in the Primary Drinking Water Reg~iations 

which are based on health related criteria. 
---·-

ORGANICS: Trichloroethylene (TCE), 1,1,l-trichloroethane 

(TCAJ, and 1,1-dichloroethylene (DCE) were detected in ail 

perched zone monitor wells containing groundwater except for 

wells P-6 and P-10 (Appendi= F~ Tabtes F-1 through F-l2i. T□ 

concentrations in all samples collected from the perched ground

water zone ranged from none detected to more than 1,600 ppb (parts 

per biLlion). The highest concentrations of TCE in the perched 

groundwater zone occur in.monitor wells P-1, B-1, B-2, B-3, and 

B-9 ,. which were constructed in the area of the abandoned waste

water disposal ponds (Figure. 6). 

I 
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Maximwn TCA concentrations detec~ed in the perched ground-

water have ranged from.none detected to 390 ppb (Figure 6). The 

highest TCA concentration of 390 ppb was found in monitor well 

·B-7, located north of the holding ponds along the drainage ditch 

(Figure 6). TCA concentrations ranging from 55 ppb at well B-9, 

to 380 ppb at well B-1, were detected in the area of the aban

doned wastewater disposal ponds. 

Maximum concentrations of DCE in the perched groundwater 

zone have ranged from none detected to 690 ppb (Figure 6). The 

highest DCE concentration of 690 ppb was found in monitor well 

B-3, located in the area of the abandoned wastewater disposal 

ponds. DCE concentrations ranging from 390 to 480 ppb were de

tected in monitor wells B-1, B-2, and ~-9, which are also located 

in the area of the abandoned wastewater disposal ponds. Signi

ficant concentrations of DCE were also found in perched zone 

monitor wells B-19, B-7, and C-3 which are located along the 

drainage ditch (Figure 6). 

Monitor well P-10 was located ·near the ~'FOES west discharge 

in order to determ.ine._the effect of this discharge on the perched 

groundwater zone. A water sample collected from well P-10 in 

November 1981 was analyzed for the EPA total organic priority 

pollutants, which include TCE, TCA, DCE, and 110 other organic 

compounds (Appendiz G, TabLe G-1). The only pollutant detected 

was bis (2-ethylhexyl) phthalate at 25 ppb. =-~ 

CONCLUSIONS: The distribution and concentrations of chromium, 

TCE, TCA, and OCE·in the perched groundwater zone indicate that 

the ditch located north of the holding and evaporation ponds, and 

the abandoned wastewater disposal ponds, were sources of organic 

contaminants that percolated to the perching clay. 

... \ 
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Production wells HAC-1, HAC-3, HAC-4, and SC-7, and moni-

tor well ~C-2 are perforated in both the upper and lower aqui
fer zones. Because the upper aquifer zone is more permeable 

than the lower zone, most of tne water produced from these wells 
is from the upper ·aquifer zone. Consequently, the water samples 
collected from these wells are primarily representative of the 

upper aquifer zone. 

COMMON IONS: The upper aquifer zone extends from the water 
table to a depth of about 200 feet (Figure 3). Groundwater in ... 
the upper zone of the regional aquifer is predominantly a calcium 
bicarbonate type with a total dissolved solids content less than 
about 500 mg/1. Exceptions are groundwater obtained from upper 
zone monitor wells M-5, M-3A, M-7, M-ll, and the Credit Onion. 
The total dissolved solids content of groundwater obtained from 

these wells ranged from about 550 mg/1 in well M-7, to about 

1,100 mg/1 in well M-5 (Appendi: D). 

The lower aquifer zone occurs below a depth of about 300 feet 
•. 

(Figure 3). Groundwater in the lower aquifer zone is a sodium 
sulfate or sodium bicarbonate type with a total dissolved solids 

content ranging from about 250 to 400 mg/1 (Appendiz DJ. 

TRACE METALS: Chromiwn, zinc, manganese, and arsenic have 
been detected in groundwater obtained from monitor wells pene
trating the regional aquifer at the RAC facility (Atyp:endiz E). 

Chromium is the only trace metal detected in the regional aqui
fer which exceeds the drinking water standards. Groundwater 
samples obtained from wells perforated in the upper zone have 
maximum chromium contents ranging from_less than 0.01 mg/1 to 
0.50 mg/1 (Figure 7). The highest chromium concentrations in 
the upper zone occur in the area between monitor well M-20, which 

is located in the vicinity of the two abandoned sludge disposal 
pits east of Building 801, and production well HAC-l. Another 
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area of high chromium content in groundwater in the upper aqui

fer zone occurs in the area between monitor well M-7 and the 

Credit Union well (Figure 7). 

Groundwater samples obtained from monitor wells perforated 

in the lower aquifer zone have maximum chromium concentrations 

ranging from less than 0.01 mg/l to 0.02 mg/1 (Figure 7). 

Minor amounts of zinc and manganese have been detected in 

some groundwater samples obtained from the regional aquifer. 

These constituents ma~ be derived naturally from the basin fill 

sediments. Significant concentrations of fluoride and arsenic 

were detected in monitor wells M-2C and M-JB, which tap the 

lower aquifer zone (Appendi: DJ TabLes D-25 and D-17; Appendi: E, 

TabZes E-15 and E-17). Similar concentrations of fluoride and 

arsenic have been reported from other wells penetrating the 

lower aquifer zone in other areas of the Tucson Basin. 

ORGANICS: TCE has been detected in all groundwater monitor

ing wells perforated in the upper zone of the regional aquifer, 

except for monitor we;1s M-lA and M-15 (Figure BJ. TCE has also 

been detected in monitor wells M-JB and M-l2B, which penetrate 

the lower zone of the regional aquifer. Concentrations of TCE 

in the upper zone range from about 13,000 ppb at monitor well M-11, 

to 3 ppb at well M-19 (Appendi: F). The highest concentration cf 

TCE in the upper zone occurs in ~e area north of ~holding 

ponds and west of production well RAC-1 (Figure 8). Concentra

tions of TCE in groundwater in this area range from about 8,000 

to 13,000 ppb. 

Concentrations of TCE in the lower aquifer zone were 86 ppb 

in well M-JB, and 2 ppb in well M-12B (Appendi= F, TabLes F-18 

and F-28). TCE has not been detected in the lower aquifer zone 

at monitor wells M-lB and M-2C (Appendi: F, TabZes F-14 and F-15). 

I 
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3G3 
TCA has been detected in monitor wells only in the area 

west of production well RAC-1 and north of the evaporation 

and holding ponds (Figure 9). TCA has not been detected in 

monitor wells perforated only in the lower aquifer zone. TCA 

concentrations in groundwater samples obtained from wells per

forated in the upper aquifer zone range from 630 ppb in moni

tor well M-11, to 1 ppb in well M-8 (Appendi: FJ. The highest 

concentration cf TCA in the upper zone occurs in the vicinity 

of well M-11,_ and appears to be approximately coincident with 

the area of highest TCE concentrations (Figure 9). ... 
DCE has been detected in monitor wells located in the area 

west of monitor well M-20 and north of the evaporation and 

holding ponds (Figure 10). DCE has been detected in the lower 

aquifer zone only at monitor well M-3B (Appendi: F). DCE con

centrations in groundwater samples ~btained from wells perfora

ted in the upper aquifer ·zone range from 3,320 ppb to none 

detected (Figure 10). The highest concentration of DCE in the 

upper aquifer zone occurs in the vicinity of well M-5, and also 

appears to be approximately coinciaent with the areas of highest 

TCE and TCA concentrations. 
. ·• 

.-Because of its location near the NPOES west discharge, a 

groundwater sample obtained from monitor well M-6 was analyzed 

for EPA priority pollutants (Appendi: G1 Table G-2). Pollutants 

detected included TCE, DCE, chloroform, tetrachloroethylene, 

1,2-trans-dichloroethylene, TCA, and trichlorofluoromethane. 

Except for TCE and DCE, these pollutants were detected at levels 

of 20 ppb or less. 

CONCLUSIONS: Because TCE, TCA, and DCE are not naturally 

occurring substances, the presence of these compounds in the 

upper zone of ·the regional aquifer system indicates that perco

lation of wastewater to the regional aquifer has occurred. The 

distribution and concentrations of TCE, TCA, and DCE in the 

I 
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upper zone indicates. that the principal area of waste disposal 

for these organic compounds was in the area located west of 

Building 801 and north of the evaporation and holding ponds. 

The distribution and concentration of TCE in the upper zone also 

indicates that a secondary disposal site for +CE was located in 

the southeastern portion of the RAC facility property in the 

vicinity of monitor well M-18. 

Contamination of the upper 

facility property has probably .... . 
practices at the RAC facility. 

aquifer zone north of the HAC 

occurred due to waste disposal 

Groundwater samples obtained 

from monitor wells tapping the upper aquifer zone on the RAC 

facility property suggest that groundwater in the upper zone 

north of.the facility property boundary might contain TCE con

centrations greater than 2,000 ppb, DCE concentrations greater 

than 100 ppb, and TCA concentrations greater than 10 ppb. This 

groundwater contamination is probably the result of historic 

waste disposal practices at the RAC facility • 
. 

The concentration and distribution of TCE and DCE in the 

lower aquifer zone suggests that contamination of the lower zone 

has occurred only in the area west of Building 801 and north 
' of the holding ponds. The low concentrations of DCE in the lower 

zone are not significant. The concentration of TCE in well M-3B 

is 86 ppb, and indicates that vertical migration of contaminated 

groundwater ·from the upper zone to the lower zone hos:. occurred, 

or that production well RAC-1 has acted as a conduit for move

ment of groundwater from the upper zone to the lower zone. 

The concentration arid distribution of chromium in the upper 

aquifer zone suggests that the principal ·source of chromium con

tamination was see~age from the. abandoned sludge disposal pits 

located east of Building 801. It appears that the plume of 

chromium-contaminated groundwater has been contained by the pump

ing of production well RAC-1. The additional plume of chromium-

I 
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contaminated groundwater in the vicinity of the Credit Union 

well and monitor well M-7 might have originated from the same 

source, or could have originated from seepage from the abandoned 

.wastewater disposal ponds. The low chromium contents in ground

water obtained from wells perforated in the lower aquifer zone 

indicate that chromium contamination of the lower zone has not 

occurred. 
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CONCENTRATION OF TRACE METALS AND 
ORGANICS IN SOIL SAMPLES 

Soil samples were collected from 16 borings drilled during 

II investigation at abandoned 
ponds, and ditches (Figure 2). A total of 2si soil samples 

analyzed to determine and concen= 
tration of volatile organics disposed of at known or suspected 

waste dispos~l sites. T-wenty soil so.1uples collected from bor-
ing C-B were also analyzed for selected trace metals. The soil 
samples were prepaJ;ed-and _analyzed for trace metals ~y BC Labor
atories, Inc., Bakersfield, California, in accordance with pro
cedures and methods recommended by the EPA rAppena~= ~J. Ana~y
ses for TCE, TCA, and DCE were performed by Jacobs Laboratories, 

Pasadena, California, in accordance with procedures and methods 
recommended by the EPA (Appendi: H). 

·-TRACE METALS 

Soil boring C-8 was;drilled at the site of two abandoned 
sludge disposal pits ,ea~t. of Building 801 (Figure l). Soil 
borings constructed and sampled during the Phase I investigation 
inni~~~Pn ~igniri~ant ~on~entrations of m~ta1s in the upper five 

to 10 feet of soil (Hargis & Montgomery, Inc., 19S2). Boring C-8 

was constructed to confirm ~he p~~,;e~ ~;~ding~; ohta~n soil sam

ples at greater depths~ and determine whether a perched ground
water body was prese.~t in the subsurface beneat.~ t..~e abandoned 
sludge disposal pits. 

·soi1 sample extracts from boring C-8 were analyzed for 14 
selected trace metals: iron, manganese, copper, molybdenum, lead, 

chromium, selenium, cadmium, mercury, silver, zinc, nickel, ar
senic, and barium (Appendiz I, rabte I-l). Results of these 

-l 
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~nalyses indicate high ~hromium ~oncentrations extending to a 

depth of about 75 feet below land surface. Significant con-

Conclusions 

Analysis of soil samples from boring C-8 confirms the 

Phase I investigation finding that the abandoned disposal pits 
. . 

east of Building 801 were probably the principal disposal sites 

for sludge containing_;ra_ce metals. The chromium concentrations 

at depth indicate that fluids containing high concentrations of 

chromium percolated through the subsurface materials beneath 

the sludge disposal pits. 

ORGANIC CONSTITUENTS 

Chemical analyses were performed on 282 soil samples from 

the Phase II soil borings to determine the concentrations of 

TCE, TC.A, and DCE (Appendi: I, TabZes I-2 through I-lii. Low . . 
concentrations of TCE wer.e detected in all of the soil borings. 

Concentrations cf TCE'were usually less than 10 ppb, but were 

as high as 26 ppb. TCA was detected only in borings B-19, C-1, 

C-2, C-4, and C-5 (Appendiz I). Concentrations cf TC.A were 

usually less than 5 ppb, but were as high as 10 ppb.-=~DCE was 

detected only in soil borings C-2 and C-5 at concentrations less 

than 5 ppb. 

The highest concentrations of TCE were found in samples col
,~~•-~~~~-~~~~~-~ u_,~ R-1Q. R-?,. ~~n r-7 (Appendi~ I •. 
-'!;;W'-,.,;;;;;:'-'i, ...... \JI.~ _,...,_. ••• ~oiill --•w I - _.,,,, f - -- f -•- - " •-. 

Tab7-es I-2, I-5, I-8., and I-16). Boring B-16 is located in the 

area west of Building 801, and boring B-19 is located in 

a known disposal pit. Boring B-23 is located south 

of the h_olding ponds in an area assumed to be 
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3GB 
representative of native, uncontaminated conditions. Boring C-7 

is located in a known disposal pit. TCE concentrations greater 

than 10 ppb in boring B-23 were associated with elays, which 

might contain organic material that would interfere with the 

analysis. Data obtained from boring B-23 suggests that TCE con

centrations for the soils less than about 10 ppb are probably 

not meaningful. 

Conclusions 

Results of chemical analyses of soil samples for volatile 

organics indicate that TCE is present in at least trace amounts 

at all of the suspected disposal sites. Results of these analy

ses confirm the findings of _the Phase I investigation that TCE 

was discharged in wastewater to the unlined ditch and abandoned 

disposal ponds, and was also disposed of in several pits at the 

HAC facility. Although concentrations of TCA and DCE in the soils 

are low, their presence in borings C-1, C-2, C-4, and C-5 indi-

cates that fluids in the drainage ditch and the abandoned waste

water disposal ponds contained organic solvents. 
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TABLE l 371 
WATER LEVELS IN THE REGIONAL AQUIFER 

MEASURING. DEPTH WATER 
POINT TO LEVEL 

WELL DATE ELEVATION WATER ELEVATION 
IDENTIFIER MEASURED (ft. msZ) (feet) (ft, msZ) 

o:eEer zone 
M-lA 2-os..:ia2 2,622.25 141.15 2,481.10 

M-2B 12-24-81 2,576.74 112.25 2,464.49 

M-3A l-23-82 2,599.71" 127.78 2,471.93 

M-4 2-08-82 2,589.47 118.78 2,470.69 
D 

M-5 • 12-24-81 2,592.26 130.06 2,462.20 

l I -{ M-6 l-22-82 2,589.92 123.44 2,466.48 

M-7 1-23-82 2,580.01 121. 58 2,458.43 

M-8 ll-30-81 2,57L83 108.28 2,463.55 

M-9 ll-27-81 2,579.91 ll4.85 2,465.06 

M-lO 12-24-81 2,575": 59 110.24 2,465.35 

M-ll l-22-::-82 2,595.95 125.28 2,470.67 

M-l2A l-23-82 2,568.07 105.79 2,462.28 

M-13 12-24-81 2,567.17 104.84 2,462.33 

M-14 12-01-81 2,573.28 108.46 2,464.82 

M-15 1-23-82 2,608.91 124.94 2,483.97 

I 
M-16 i-23-82 2,611.19 125.00 

., At:Jt:. io -- "'' .. gg ... ;,, -·-
M-17 l-25-82 2,623.16 128.22 2,494.94 

.._, ~ l'\l"'I O A 

M-18 12-1S-81 2,643.26 142.42 11'.,~vv.o'fl 

M-19 12-04-81 2,616.81 118.64 2,498.17 

M-20 1-23-82 2,605.08 126.42 2,478.66 

CREDIT 
UNION 1-22-82 2,577.61 114.21 2,463.40 

-
~ IIAJLGlS & MON'l'GOMERY, rNC 



--- TABLE l 372 
WATER LEVELS IN THE REGIONAL AQUIFER 

MEASURING DEPTH WATER 
POINT TO LEVEL 

WELL DATE ELEVATION WATER ELEVATION 
IDENTIFIER MEASURED (ft. ms l,) (feet) (ft, ms l,) 

Lower Zone 

M-lB 1-25-82 2,622.67 148.05 2,474.62 

M-2C 2-08-82 2,576.40 228.07 2,348.33 

M-3B 2-08-82 2,601.37 144.61 2,456.76 

M-l2B l-23-82 2,569.52 182.45 2,387.07 

Com:eosite 

HAC-1 l-22-82 2,602.60 131.18 2,471.42 

HAC-2 l-22-82 2,597.43 120.17 2,477.26 

HAC-3 12-05-81 2,619.25 140.98 2,478.27 -"' HAC-4 ll-29-81 2,612.25 143.00 _,, A~n -,e: ~, .. 0::r.•~ 

.. 

-=.;-_ 

•-
~ HARGIS • MONTGOMERY, INC. 



•· 

I 

I 

• 
■ 

WELL 
IDENTIFIER 

P-1 

P-2 

P-3 

P-4 

P-5 

P-6 
P-7 

P-8 
P-10 

B-l 
B-2 

B-3 

B-4 

B-5 
B-6 

B-7 

B-9 - .... i:,-.1.u 

:e-19 

C-3 

TABLE 2 

WATER LEVELS IN THE PERCHED ZONE 

DATE 
MEASURED 

2-08-82 
1-23-82 

1-23-82 
2-08-82 

1-23-82 
2-08-82 
1-23-82 
2-08-82 
2-08-82 

2-08-82 
2-08-82 
2-08-82 
1-23-82 
1-23-82 
1-23-82 
2=08-82 

2-08-82 

1-23-82 
1-23-82 
1-23-82 

2-08-82 

MEASURING 
POINT 

ELEVATION 
(ft, msZJ 

2~580.68 
2,580.92 

- 2,571.84 
2,567.23 
2,570.56 
2,568.08 
2,578.86 
2,582.48 
2,590.07 

.. 
2,574.88 

: 2,576.45 
2,577.23 
2,599.12 
2,598.78 
2,595.23 
., c:;an . ..,., _, . .,..,,.,_ 

2,581.44 
., ,::nc:; ,:in 
.a.,vv.J•_."" 

2,619.32 
2,596.09 

2,643.12 
.., ro.o. c:n 
'-tJg~ • .J\,J 

2,582.38 

DEPTH 
. TO 
WATER" 

r::-eet) 

103.4S 
dry 

dry 

dry 

dry 

94.52 

dry 

90.17 
95.13 

81.54 

83.33 
86.87 
dry 

dry 
dry 

813.lB 

84.49 
dry 

dry 

dry 

dry 

dr.t 
89.21 

373 

WATER 
LEVEL 

ELEVATION 
(ft, msZJ 

2,477.23 

2,473.56 

2,492.31 
2,494.94 

2,493.34 
2,493.12 
2,490.36 

-:c2., 502. 54 
2,496.95 

2,493.17 
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TABLE 3 

SUMMARY OF AQUIFER PARAMETERS 

LfiNB-nii" TUTS 

SATURATED 
STORAGE TRIJISl'll SS I VI TY THICKll!SS PERll£AIILITY 

!!ill r opdlf• i .I.I r l••t, fgr,d/ft' JJ.I COEFFIC:IENT!/ 

uc-1 25,DDD 7D 310 o.o, 
IIAC-l 40,000 75 UO O,DD1 
IIAl:-4 l0,000 IS 350 o.os 

SHORT-TER~ TESTS 

SATURATEII 
TR.&NSl'U S51 VI TY THICKNESS P£Rl'EAIILITY 

!!ill <2odl!c)ll re, .. ~, rr,r,dl't1. JJ..1 AOUI FER ZONE 

N-1.a l,000 150 20 1-r 

H-lA 1,.000 70 270 Opper 

11-38 200 150 1 i.o-r 

N-4 T,000 15 10 Dppar 

N-5 50,000 15 610 Cpper 

11-6 11,DDO l5 510 Opper 

lt-7 15,000 70 210 U?per 
N-1 70,000 65 1,100 Cpper 

H-9 40,000 70 570 0ppar 

H-10 40,000 70 570 Cpper 

11-U 20,000 50 400 0ppU 

11-12" 20-,000.; 55 310 llppar 

H-129 300 U5 2 1-r 

11-13 u,ooo" 60 900 Upper 
H-U 100,000 70 1,400 Cpper 

H-15 400 '70 6 cpper 

N-1& 35,000 15 400 Opper 

H-17 S0,000 ,a . 710 Cpper 

H-11 10,000 40 250 Cpper 

11-19 1,000 70 u upper 
H-ZO 15,000 '° 375 cpper 

Jlcotl-• par dor p•• foo• "'dt~ of &q••f•• ot J:l ~VdN•l•o 
g NU i.,. ' • 

11 ca1tow1 per d.ar p•r •qvaH fooc. 

JIDi••w•ioa1•••: racio of Ch• volk•• of uoc•r r•t••••4 par 
uwir •uPfaa• OP•R gf ~qNif•r ,.r Mnii d•eiia• in n,d.PGwtio 
n•od. 

-=~ 
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I. INTRODUCTION 

As part of a-groundwater remediation program to prevent 

migration of groundwater containing volatile organic compounds 

(VOC's) and chromium, and to remove VOC's and ::hromium from 

the acr~ifer, the Hughes Aircraft Company ·(HAC), under contract 

with the O.S. Air Force, retained Malcolm Pirnie, Inc. 

(Malcolm Pirnie} to perform a conceptual study of water 

treatment processes that can be used to remove these 

constituents. The study has been divided into three phases: 

Phase I Scoping study to select candidate processes 

Phase II 

Phase III 

Laboratory and pilot evaluation of 
candidate process trains 

Preliminary economic evaluation of most 
successful candiqate processes 

This report discusses the Phase I and Phase II findings. 

During Phase I, eight candidate processes were identified and 

screened for applicability to this Project. Candidate treat

ment processes are described along witll the reasoning used to 

either eliminate or include the process for further considera-
.,.,: __ 
t..•\J,U, • In addition, the testing program fer the four processes 

considered in Phase II is-described. 

The VOC's found in the groundwater by others at con

centrations greater than 20 ug/1 include trichloroethylene 

(TCEj, 1,1 dichloroe't.l~ylene and l,1,1 trichloroetllane 

(TCA}. Chromium was found in the ground water in the 

hexavalent form (Cr+6). 

The fi:rm of Hargis and Montgomery (Hargis) has performed 

a hydrogeologic investigation of the site and estimated the 

initial concentrations of VOC's and chromium in a proposed 

withdrawal well system. The eoneentrations were developed for 

two flow scenarios, 2000 gprn and 5000 gpm,-and are presented 

in Table l along with Hargis' range of estimated voe levels. 

I-1 
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TABLE 1 

Estinated Initial vex: and Chranium concentiations 

2000 gpm 5000 Ql,ill Ran~ 

'ICE (ug/L) 900 1000 ±20% 

I:CE (ug/L) 110 140 ±100% 

TCA (ug/L) 7 9 :!:500% 

O'u:anim (m;/L) 0.05 0.07 :!:0.03 m;/L 

A range of target treatment levels was developed by the 
U.S. Air Force (USAF) in conjunction with the Arizona Depart
ment of Health Services (ADHS) and the U.S. Environmental 
Protection Agency (USEPA). There is only one chromium target . ' 

level, 0.05 mg/L, which is a USEPA drinking water standard. 
The target treatment levels are presented in Table 2 • 

Lowest 

Medium 

Highest 

TABLE 2 

Target Treatment Levels 

TCE 
(ug/L) 

5 

50 

270 

DCE 
(ug/L) 

0.033 

lC 

40 

I-2 

TCA 
(ug/L) 

16.8 

168 

Chromium 
(mg/L) 

0.05 

""" u.u:, 

0.05 
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II. PHASE I - TREATMENT ALTERNATIVES 

A. voe REMOVAL 

Aeration using either a diffused aeration system or a 

packed tower, and adsorption using ~ither activated carbon or 

synthetic resin were evaluated to remove voe•s in a desk top 

analysis. The initial voe concentrations and the target 

treat.~ent levels presented in ~A~~inn T ~Arv~d as th~ basis 

for evaluating aeration and adsorption processes. 

1) 

a) Diffused Aeration. This technique has been 

used to remove VOC's from groundwater by bubbling air into a 

basin containing the contaminated groundwater. Removal 

efficiencies af 94 percent have been achieved in a diffused 

air system with a 10 minute hydraulic contact time and an air: 

water ratio of 30:1 (ft3/ft3). However, TCE removals. with a 

packed tower with random media and similar air:water ratios 

have been significantly higher (99.7%). The air blower in a 

diffused aeration system must be sized to overcome a relative

ly large pressure drop (10 to 15 feet of water) while the 

pressure drop in a packed tower is less than 8 inches of 

water. 
Based upon our experience on other projects, the 

diffused aeration process was eliminated because this process 

is less efficient and more costly than the packed column both 

f.rom a capital and an operating standpoint. 

bl Plate Column with Catenary Grid. The principal 

advantage of this system over towers packed with random_media 

was reported to be the possible ability to accomplish similar 

voe removals in a shorter column height. Therefore, this 

might have application where restrictions on column height 

were a consideration. However, based on our recent experience 

on other• projects, the ability of the units to attain low 

levels of voe•s in the tower effluent does not seem to be as 
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well documented and reproducible as with random packed sys

tems. Since this project calls for studying the ability of a 

system to reach very low levels of VO~;· it was decided that 

this system has not been proven enough to offer any signif

icant advantages over a packed column system. Bence the 

catenary grid system was not considered for further evalua

tion. 
c) Packed Column With Random Media. Based upon 

our experience, air stripping utilizing a packed column design 

is the most cost effective process to remove VOC's from water 

to low levels. Two 25 foot high packed towers designed by 

Malcolm Pirnie at approximately the same air to water ratio 

have achieved 99.7 percent removal of TCE. Diffused aeration, 

while also effective, is not as effieient as packed tower 

aeration. When compared to other voe removal techniques, 

packed tower air stripping systems are noted for higher 

treatment efficiencies, ease 

capital and operating costs. 

for further evaluation. 

2) Adsorption 

of operation and relatively low 

The packed tower was selected 

Adsorption onto either activated carbon or a synthetic 

resin has been used to remove VOC's and was recommended for 

evaluation during Phase II. Testing would be conducted in a 

bench-scale continuous flow system called a mini- column. 

Because of the small quantity of adsorbent, voe breakthrough 

is achieved normally in a matter of hours rather than weeks or 

months as is the case with larger scale adsorption columns. 

Effluent samples will be monitored for VOC's. These results 

will be used to estimate carbon and resin usage rates. It is 

noted that these bench scale tests do not establish the 

optimum design of a full scale adsorption system rather~carbon 

usage to achieve various target treatment levels. Larger 

scale pilot testing is required to determine the optimimum 

size and arrangement of the contactors. Typical adsorption 

II-2 
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systems are designed at liquid loading rates of 3-6 

gallons/minute-square foot and an empty bed contact time of 

394 

.-- - 10-"20 minutes. These criteria which are commonly used will be 

used to develop a preliminary design and capital cost for a 

system. 

Carbon/resin regeneration was not evaluated in the bench 

scale tests. ·If carbon adsorption is attractive, it was 

assumed that carbon regeneration would be accomplished off

site. Additional regeneration studies would be required. The 

principal advantage of the synthetic resin is that 

regeneration is accomplished in-situ using a hot inert gas. 

B) HEXAVALENT CHROMIUM REMOVAL PROCESSES 

Four processes were evaluated to remove hexavalent chro

mium: reduction/precipitation, ion exchange, reverse osmosis 

(RO), and adsorption using activated carbon. If in the full 

scale system the chromium levels in the groundwater are found 

to be consistently below the treatment objective, then alter

nate chromium treatment strategies can be considered, e.g.·by 

passing the total flow or a fraction of the flow around the 

treatment system. 

1) Reduction/Precipitation 

The reduction/precipitation process is the most commonly 

used technique to remove hexavalent chromium from water and 

wastewater. In this process hexavalent chromium is reduced to 

trivalent chromium, which precipitates as chromium hydroxide 

within a specific pH range. The precipitate is removed by a 

solid-liquid separation process such as filtration. Filtra

tion is expected to be the most suitable separation pr.oces5. 

because of the relatively low chromium (0.l mg/L) levels; 

hence the quantity of the precipitate will be low. The need 

to handle and dispose the precipitate are the principal 

disadvantages of the reduction/precipitation process. 

II-3 
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Hexavalent chromium can be reduced either by adding a 

chemical reducing agent (such as ferrous sulfate or sodium 

metabisulfite) or by an electrochemical process where a ·con

sumable iron electrode in the presence of an electric current 

yields ferrous ions that ultimately reduce hexavalent chro

mium. A major disadvantage of the electrochemical-reduction 

process is the hydroxides form a gelatinous preciptitate 

around the electrodes. A solution of hydrochloric acid must 

be circulated through the system routinely to remove any 

gelatinous precipitate that is formed. 

In addition, the control of ferrous ion dosage is more 

difficult in an electrochemical reduction system than in a 

chemical reduction system using ferrous ion dosage, and 

control of sludge production is more difficult in an electro

chemical ~ystem. Considering the need for cleaning and the 

potential for ~igher sludge production rates, the electro

chemical system was eliminated from further consideration. 

of any syste..'Il; ~h12 following 

parameters wo~ld have to be evaluated: 

0 

o Optimum dosage 

o Optimum operating pH 

o Required reaction times 

soth ferrous sulfate and sodium metabisulfite seemed to 

be acceptable reducing agents. Polymer addition would also 

have to be evaluated as it is believed that it will be 

necessary to increase the particle size and enhance the 

filterability.of the precipitate. Studies would be conducted 

to determine optimum chemical dosage required to achieve the 

target tre~tment levels. Neither testing of the filtration or 

solids handling processes would be performed during Phase__ II 

due to the limited quantity of water available for testing. 
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2) Ion Exchange 

Ion exchange is a process that has been used to remove 

hexavalent chromium. Hexavalent chromium is generally present 

as either the dichromate or chromate anion. An anion exchange 

resin is capable of removing these anions. Recent ion ex

change tests conducted on groundwater in Scottsdale, Arizona 

indicate that relatively long run times can be achieved before 

chromium breakthrough occurs. The required regenerant volumes 

are reported to be low. 

A major disadvantage of ion exchange is that.the regene

rant stream must be either treated to remove hexavalent 

chromium via a reduction/precipitation process or handled 

off-site by an approved contract disposal firm. Also, the 

regenerant stream would have high salt levels that would 

require that this stream be disposed of in the brine ponds. 

Ion exchange was recommended for evaluation in a small 

continuous bench scale column study. The resin would be 

regenerated to determine whether or not chromium could be 

removed from the resin. An advantage of the small bench scale 

tests is that they do not require a great deal of time or a 

large quantity of water. 

3) Reverse Osmosis 

Reverse Osmosis (RO) was considered as a means of remov

ing both chromium a..nd VQC's from the groundwater. RO is 

reported to reject chromium, in excess of 95 percent while the 

rejection of VOC's is expected to be in the range of only 

85-90 percent.· 

After review of the raw water quality data, it was deter

mined that the permeate (treated water) recovery will.probably 

be limited to BO percent by volume1 that is, 20 percent of the 

influent flow to an RO system will be rejected as brine. 

sulfate solub·ility 1 im:i-t-_~ -furt.h~r con~entra

tion of the brine reject stream. This reject stream potenti

ally represents a significant loss of water from the aquifer, 
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400 gpm for a 2,000 gpm system or 1,000 gpm for a 5,000 gpm 

system. This water must be managed either by further 

treatment for chromium and voe removal or by disposal in 

evaporation ponds, thus :requfring additional facilities at a 

significant capital expense. 

Considering its relatively high capital and operating 

costs, RO initially was thought to be a viable alternative 

only if this process could achieve sufficient chromium and voe 
reduction in a single process. While chromium reduction is 

sufficient, the voe rejection is not sufficient to meet the 

treatment objectives. Further treatment of the permeate for 

voe removal would be required. Upon consideration of these 

factors, RO was eliminated from further consideration in Phase 

II. 
4) Adsorption 

It has been reported by others that activated carbon has 

been successfully used to remove hexavalent chromium from 

water containing.organics. A possible explanation is that an 

organometallic complex is formed which is adsorbable. Based 

upon the reported results, testing of adsorption processes to 

remove hexavalent chromium will be conducted. 

c. SUMMARY 

In summary, the following processes were selected for 

further evaluation in Phase II: 

o Aeration utilizing a packed col~ 

o Adsorption, with activated carbon or a suitable 
synthetic resin to remove VOC's and hexavalent 
chromium 

o Reduction/Precipitation using ferrous su1fate or 
sodium metabisu1fite. 

o Ion Exchange 
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III. PHASE II - voe REMOVAL PROCESSES 

A. PACKED COLOM?~ AEPAT!ON 

As part of this study, a pilot-scale testing program was 

conducted at HAC Wells M-4 and M-11 to evaluate the packed 

column aeration process. Analysis of the ground water for 

TCE, DCE and TCA along with other parameters was completed: 

the results are presented in Table 3. The results of the 

packed tower tests were analyzed to develop design criteria 

for a full-scale treatment facility. A description of the 

pilot tests and an evaluation of the test results are 

presented in this Section. 

1) Description of Testing Equipment 

The treatability tests were conducted using a pilot 

aeration column, which was designed and fabricated by Malcolm 

Pirnie. The pilot column consists of influent piping-and 

valves, the column and packing media, a blower and a support 

structure. A schematic diagram of the pilot column is shown 

in Figure. 1. Raw water was pumped from the well t?,rough the 

water meter to the top of the column. This flow trickles down 

through the packing media, and discharges by gravity flow. 

Air is forced by two Rotron regenerative blowers through a 

metering valve to the bottom of the column, counter current to 

the water flow, and into the atmosphere. Sample taps are 

provided on the influent line, at three locations along the 

side cf the colwr~, and at the bottom of the colu.~~ for 

collecting raw and treated water samples. 

The column is 12 inches in diameter and is constructed 

of PVC pipe in five sections for variation of packing depth 

and ease of handling. The maximum packing depth is 9.7 feet, 

and the overall column height is 12 feet. An orifice-type 

liquid distributor is used to distribute water at the top of 

the column. Support plates have been placed between each 

column section to provide intermediate support of the media 
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TREATMENT OF RECLAIMED W 
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TABLE 3 

Well Water Characteri%ation 

Trichloroethylene (ug/Ll range 

1,1 Dichloroethylene (ug/Ll range 

1,1,l Trichloroethane (ug/L) range 

TOC (mg/L) 

cr(+6l (mg/Ll 

Cr (Total) (mg/L) 

TDS (mg/Ll 

Ca (mg/Ll 

Mg (mg/Ll 

-2 so
4 

<mg/Ll 

Alkal.inity (mg/L as caco3) 

pH 

Temp (°Fl Field 

NA= Not Analyzed 

Well No. ll 

l,637-2103 

161-230 

III-2 

14-20 

<l 

0.008 

..,.I"\ l"'\A ,v.v .. 

393 

20 

15.2 

80 

150 

7.2 

77 

Well No. 4 

1,494-1,913 

501-601 

22-29 

NA 

NA 

<0.04 

NA 

NA 

NA 

NA 

NA 

NA 

77 
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and to redistribute water and air flow to reduce channeliza

tion in the column. The column is designed to receive a 

maximum hydraulic loading of 50 gallons per minute. Each 

blower has a range of Oto 160 cubic feet per minute. 

The packing material used for the tests at wells M-4 and 

M-11 was 2-inch Jaeger Tri-Packs. Several other types of 

packing.material have been evaluated in previous tests. Based 

upon our experience the Tri-Packs have been found to have the 

same mass transfer characteristics as other packings that were 

evaluated but at a lower pressure drop, and therefore, were 

selected for testing at this site • 
• 
2) Description of Treatability Tests 

The rate at which a volatile organic compound is removed 

from water by aeration (or the mass transfer rate) depends on 

several factors: 
hydraulic loading rate (or water flow rate) 
air flow rate 
air:water (A:Wl ratio 
available surface area for mass 
of packing) 
water temperature 
physical GJ.~d chemical properties 
(Henry's Law Constant) 

+- .... ., C: f'p,... ( rt]rtr+- inn ---·---- ,---------

cf t.1-ie compou.11d 

The latter three factors were constant and were not altered 

during the tests. The factors which were varied during the 

pilot tests were the water flow rate, the air flow rate and 

the A:W ratio. The water and air flow rates were varied 

during the pilot tests, to obtain several A:W ratios. VOC 

removals at these various conditions were used to develop a 

voe mass transfer relationship. 
The pilot column was set up at each well and operated at 

several A:W ratios. The water and air flow rates were 

adjusted for each run to yield the desired A:W ratio; the 

column was operated for about 15 minutes prior to sampling to 

reach a steady state condition. 
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For each run, influent and effluent samples were col

lected, the air and liquid flow rates were maintained con

stant, and the air and water temperatures were recorded. 

Samples were collected in properly prepared sample vials for 

voe analysis prepared in accordan::e with EPA protocol. 

~..nalyses for voes w~r~ c~nducted at Malcolm Pirnie's 

laboratory with a gas chromatograph utilizing method 5030 

(purge and trap) with either a Halogen Specific Detector (BSD) 

or a Flame Ionization Detector (FID). Column influent and 

effluent samples were 

adsorption and ion exchange testing. 

3) Results of Testing Program 

selected rims for 

The aeration test results show that high voe removal 

efficiencies were achieved in the pilot packed tower. The 

test results are presented in Table 4 for TCE, DCE and TCA. 

In generai, the test results indicate the following: 

1. High voe removals were obtained from the water in 
both wells via the a packed tower. Even with no 
forced draft, about 50 percent removal of TCE, DCE, 
and TCA was achieved. · 

2. A mass transfer relationship was determined for each 
voe and is presented in Table 6. 

3. Increasing the A:W ratio results in higher removal 
efficiencies. 

These conclusions are expanded upon in the following sections. 

Also, design criteria based on the results 

are presented at the end of this chapter. 
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H 
H 
H 
I 

U1 

flonrate Flonrate 

Runi No, (GPH) (CAI) _ 

H~111 

1 20 0 

2 36 160 

3 15 160 

4 32 160 

5 19 152 

6 24 128 

7 28 75 

SI 21 1110 

~, 110 160 

10 17 160 

111 30 120 

1:! 20 80 

H-lt 

36 160 

2 15 160 

3 32 160 

4 .19 152 

5 211 12SI 

6 28 1•· ., 
7 21 ltiO 

8 ltO 160 

NOTE1 llater Temperature 77"F 

Packing height 9.69 Ft. 

INF· Toner Influent 

EFF • Tower Effluent 

~ r-- r-- r-- - \~ --, ---, --

T1~BLE 4 

PILOT AIR STRIPPING COLl.t-lN RESULTS 

Concentration aa (ug/L) 

R!tto TCE Percent 111 DCE Percent 11111 TCA 

(Ft /Ft
3

) _.!!!L_ __!ff__ Removal _lliL _Qf_ Removal _lliL __!ff__ 

11,877 910 51.5 181 811 53.6 17 7.5 

33/1 11,904 92 911.9 173 3.3 98.1 15 <0.5 

B0/1 :! , 103 20 99.0 230 1.9 99.2 20 <0.5 

37/1 '1,637 78 95.2 161 '1.5 97.2 14 <0.5 

60/1 1,677 56 96.7 173 3.4 98.0 15 0.611 

40/1 1 ,9112 70 96.4 209 3.9 98.1 17 0.53 

20/1 1,772 93 94.8 199 5.3 97.3 14 0.72 

50/1 1,8B1 . 6'1 96.6 199 3.6 98.2 16 0.58 

30/1 1,750 179 89,8 199 5.3 97.3 14 1.3 

70/1 1,927 40 97,9 205 2.5 98.8 16 0.32 

30/1 1,7611 98 9/t,lt 182 5.2 97.1 l It 0.67 

30/1 1,909 75 96.1 221 <0.5 >99.SI 17 <o.5 

33/1 1,913 Bit 95,6 601 18 97.0 29 1.2 

B0/1 1,502 '13 97 .1 516 7.8 98.5 29 1.7 

37/1 1,611 65 96.Q Sltl 17 96,'9 23 1.1 

60/1 1,563 42 97 .3 529 12 97.7 2ti 1.0 

ti0/1 1,605 63 96, 1 508 16 96.9 24 1. 3 

20/1 1 ,49/t 70 95.3 510 16 96.9 23 1.1 

50/1 l ,411 l 60 95.8 501 15 97 .o 22 1.2 

30/1 1,607 78 95, 1 53'1 20 96.3 24 1.2 

--7 

Percent 
Removal 

55.9 
>96.7 
>97.5 
>96.lt 

95.7 
96.9 
94.9 
96.4 
90.7 
98.0 
95.2 

>97.1 

95,9 
911.1 
95.2 
95.8 
9/t,6 
95.2 
91t.5 
95.0 

---i -·1 .;, 

,.&:. 

0 
w 
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Removal Efficiency - The data in Table 4 show that the 

packed column aeration process is capable of achieving high 

voe removals. Consistently high voe removals were achieved 

(greater than 95 percent range) with only 9.7 feet of packing 

media. 

In dilute solutions, the principal factor that affects 

the ability to strip a voe from the liquid phase to the gas 

phase is the Henry's Law Constant. A compound with a high 

Henry's Law Constant is more easily stripped from water using 

aeration tha.~ one with a lower constant= The Henry 1 s Law 

Constants of the various VOC's are presented in Tables. 

Y2£ 
OCE 
TCE 
TCA 

TABLE 5 

Henry's Law Constants 

B (atm) (l) 

736 
569 
424 

(1) Values of Hare given at the ambient groundwater 
temperature of 77°F 

One would expect from this table of Henry's Law Constants 

that OCE should be the easiest to strip, while TCA should be 

the most difficult. The data for the most part bear this out. 

For a given run, the removal efficiency of DCE is generally 

higher than that of TCE and TCA which are roughly comparable. 

The packed column. tests show some voe removais (50 

percent TCE, OCE, TCA) are achieved even with no forced draft. 

Therefore, under full-scale operation of the coiumn, these 

voe removals may be expected even-if the column is operated 

without the blowers on-line. 

r-· Mass Transfer Relationships - VOC mass transfer relation-

L .. ships were developed for Well No. 4 and No. ll test results. 

, For each run, a mass transfer coefficient was calculated from 
i 

l 
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the water flow rate, the A:W ratio, and the water temperature. 

A plot of the mass transfer coefficient (Kla) as a function of 

the liquid loading rate was developed for each voe and plotted 

as shown on Figure 2 for well M-4 and on Figure 3 for M-11. 

The mass transfer coefficients differ for each compound, 

again in accordance with their Henry's Law Constants: DCE is 

greater than TCE and TCA. The mass transfer coefficients at 

well M-4 are generally lower than the mass transfer 

coefficients at well M-11. Table 6 illustrates this point at 

~ liquid loading rate of 25 gpm/Ft2 • 

OCE 

TCE 

TCA 

TABLE 6 

Mass Transfer Coefficients (1/Hr) at 25 gpm/Ft2 

Well M-4 

so.a 
72.7 

64.3 

Well M-11 

88.7 

77.6 

76.0 

The mass transfer relationships developed from testing at well 

M-4 were used to size the full scale aeration systems. 

A:W Ratio - In general, increas.L~g t.~e A:w·ratio in-

creases voe removal efficiencies. A relationship describing 

the packing height as a function of the A:W ratio was 

developed for the most stringent target effuent levels for 

TCE, DCE, and TeA. To meet the most stringant TCA target 

treatment level a packing height ~f only four feet (without 

safety factor) would be required independent of the A:W ratio. 

The relationship between packing height and air to water 

ratio for TCE, DCE, and TCA is shown in Figure 4. As shown in 

figure increasing the A:W ratio decreases the packing height· 

required to achieve th.e specified removal efficiency. The 

results show that the packing height dependence upon the A:W 

ratio is not that significant. An A:W ratio of 30:l was 
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selected as a basis for column sizing. At an A:W ratio of 

30:1 all three packing height versus A:W ratio curves are 

relatively fiat, away from the knee of the curve. It is 

recommended in the sizing of full scale systems that-the 

operating points be far from the knee of the curve so that 

fluctuations in either the air or liquid flowrates do not 

adversely effect the system performance. 

4) Design Criteria Selection 

409 

The performance of an air stripping system is a function 

of the column height and the A:W ratio. In order to determine 

which compound controls the height of the stripping column, a 

relationship was developed between effluent concentration and 

The influent levels used in 

this development are the initial voe levels plus the range 

as estimated by Hargis and Montgomery for the 5000 gpm with-

drawal rate. These estimated influent concentrations are 

presented in Section I of this report. An A:W ratio of 30:1 

was also used in this analysis. 

Figure 5 illustrates the relationship '--•···--- _,,:., 'l"ll.11"'!1,_ ... ..Jt::~wc,::.u. ~ .... ••w~.l..,..,_ 

concentration and packing height for each voe. The results 

show that the packing height requirements are highest to 

remove DCE to the target level of 0.033 ug/L. Approximately 

24 feet of packing was calculated to meet that target effluent 

level. However, it is noted that the detection limit for the 

VOC's is generally on the order of 0.1 ug/L. Further the 

standard deviation of any DCE value around 0.1 ug/L is approx

imately 0.10 ug/L. The performance of the air stripping 

co.lumn has been projected to meet the most stringent require

ment of 0.033 ug/L using the mass transfer relationships 

developed from pilot testing and assuming that suitable 

analytical techniques were available at this low level. 

Howev~r, any effluent limitations (required for permitting ____ .... - - .- ~----... . 

~p.u.i;p;;ses) _,.~ould have to be set higher because of analytical 
·-==----

constraints. 
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The required packing.height for the other target effluent 

concentrations can be determined nirP-~t]y from Fig,ire Se 

The recommended process design criteria to meet the OCE 

concentrations are presented in Table 7. Based upon our 

experience a liquid loading rate of 25 gpm/Ft2 is recommended 

for_freliminary sizing purposes. The maximum column diameter 

has been limited to 12 feet because columns with a diameter 

larger than 12 feet require field fabrication rather than shop 

fabrication. Two columns operating in parallel are required 

to treat flows of 5,000 gpm while only one colUiiw is req-~ired 

to treat a flow of 2,000 gpm. 

TABLE 7 

Air Stripping Design Criteria 

Flow (gpm) 

Mass Transfer~Coe;ficient (Kla) 
A:W Ratio (Ft"' /Ft'°) 
Air Flowrate (CFMJ Total 
Calculated Packing Height (Ft) without 

Safety Factor 2 
Column Surface Area Ft 

DCE 

2,000 
80 

30:1 
8,000 

24.S 
80 

DCE 

5,000 
80 

30:1 
8,000 

24.S 
200 

It is noted that additional packing is always added to 

the calculated height as a factor of safety. It is also noted 

that a packed column will be have to be approximately 7 feet 

higher than the specified packing height to allow for inlet 

and outlet devices. 

B. ADSORPTION PROCESSES 

Mini-colU!!ln tests were conducted to evaluate granular 

activated carbon·(GAC) and-a molecular sieve resin. The tests 

were conducted using water from well M-11. Three types of 

samples were tested: r~w water, pilot aeration column 

effluent, and pilot aeration column effluent aerated further 

to reduce the level of VOC's prior to carbon testing. The 
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purpose of the tests was to determine the effectiveness of GAC 

or resin to remove VOC's and to develop carbon usage rates-to 

meet the various treatment objectives. A description of the 

pilot tests and an evaluation of the test results are 

presented in this Section. 

1) Description of Testing Equipment 

The treatability tests were conducted using a dynamic 

mini-column adsorption system. The mini-column system, 

which was designed and fabricated by Malcolm Pirnie, consists 

of a glass sample container, a chemical metering pump, and a 

teflon and stainless steel mini-column (3.2 IIDl1 inside diameter 

x 15 cm long). A schematic diagram of the mini-column system 

is pres·ented in Figure 6. The materials used in the 

mini-column system which are in contact with the water samples 

are either glass, teflon, or stainless steel. These inert 

materials are used to avoid sample contamination. Water is 

pumped from the sample reservoir to a 1/4-inch diameter stain

less steel tube which conveys the water to the mini-carbon 

column. The mini-column influent line includes a 300 ml 

cylinder to dampen flow pulsations and a pressure gage to 

monitor system pressure. Following the pulsation dampener and 

pressure gage, the water passes through the mini-column. The 

colu.~~ holds 0.10 grain of ground GAC or resin which has been 

heat treated to remove any adsorbed contaminants. The GAC was 

x 200 mesh; the resin was ground to ·a 70 x 100 

mesh due to the inability to pump through the smaller mesh 

size. Following compaction via vibration, the bed depth is 

about 1 .inch. The bed is held in place with 1/2 inch of glass 

wool packed into the bottom cf the cOlumn. The mini-cclwnn 

effluent is conveyed to a sample vial via tefl~n tubing. The 

teflon effluent line discharges below the liquid surface in 

the sample vial to minimze volatilization of the voes con

tained. in the mini-colUffifi effluent. 

III-10 



[ 

•• 
,_ 

r 
' i 

(' 
I 

L 

-
\ 

L--

L. 
L. 
L~-

I 
L 

.... ... --... -.... ....... = = ... .., ... .... .... .... ' = co ... _, 

= :z ... =-C:- ~ ........ ....... 
' -a; - .,., 

~ = ~ 
.: = :::::! -~ = _, = - . z:.. C =' .... -- .... 

.,, 
= ::: _ _. 

= - -~c. _:; = 
....... m 
== = == ... _. 
CD co !;=I ,-~ ......... 

.= .... 
.... -z-' --_ ... 
== ~~ .... = 

~ ... = 
c::, -..... -.... -...... -3' .... .... .... 

c:, 

= .., 
= .... ... .., .... 
;;= ..... 

.... = .... = = ~~ ~---
::.... ~ = co -
~' 
~ 

= 
c,:,c:.:, 

----= --.. ~ ... -... :c 
0 ..... 

~~ -

FiGURE e, 

.... .... -. ~ !: 
== c::, ::: ......... ......... - .... ... = 
~ .... 
N _. 

'a.. 
- ::E ,c ....... 
~ 

:z: 
~ 
::, 
...I 
0 
(.') 

:z: 
~ 

:z: 
0 
a::i 
C: 
< 
r..:i 

413 



•• r· 
[· 

1-· 

I 1· 
' . 

L 
[ 

I 
r· 
l 
---.. 

L 
r 

L -

·, 
L· 

1 
t::-

l . / 

I 
., 

-
L.-

I l_ 

I 

2) Description of Treatability Tests 

The removal of a volatile organic compound by adsorption 

depends on several factors including: 

Type of GAC or resin 

Temperature of the water 

Chemistry of the compound 

The latter two factors were constant and were not varied dur

ing the tests on well M-11 samples. Carborundum GAC 30 and a 

molecular sieve resin provided by Union Carbide were evaluated 

in the mini-column tests. 

Representative samples of raw water and pilot aeration 

column effluent were obtained from well M-11 during the 

aeration treatability tests and shipped to the Malcolm Pirnie 

laboratory. Mini-column tests using carbon and resin were 

also conducted on the raw well water. 

3) Results of Testing Program 

Breakthrough Characteristics - The results of the mini

column tests are presented in Table 8. It is noted that the 

resin clearly did not perform as well as carbon on the raw 

water sample and on this basis was eliminated from further 

testing and evaluation. 

Breakthrough curves for each voe were developed from the 

data. The breakthrough curves were used to develop carbon 

usage rates to reach various effluent concentrations. The 

relationship between effluent concentration and carbon usage 

is shown in Figure 7 for all three carbon runs. 

Carbon Usage - The estimated carbon usage to reduce the 

DCE concentration in raw water to 10 ug/L was approximately 

2,150 pounds per million gallons (Lb/MG) or 15,480 Lb/day to 

treat a flow of ~ ,000 gpm •.. .F.or this _carbon ... usage rate an 

on-site carbon regeneration system would be required. Due to 

high carbon usage rates and high cost of carbon regeneration 

and contact equipment, adsorption is not cost effective to 

treat raw water • 
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•- TABLE·8 

Al Mini-column Carbon Study 

Results 

Effluent Volume 
(ml) l,l DCE l,l,l TCA 

\- Run #l 

l 

_,. 

L_ 

[ 
r' 
L -

-
l 

l . ___ , 
1.-: 

L 

Initial 

Run #2 

Initial 

Run #3 

Initial 

Initial 

291 
1,023 
l,917 
2,997 

300 
2,263 
5,399 

2,670 
11,722 
13,410 

40 
553 

1,735 

193 

3.6 
85 

169 
173 

9.8 

<0.5 
4.1 

10.4 

. <0.l 

<0.l 
<0.l 
<0.1 

17 

0.27 
2.3 
6.4 
9.9 

3.8 

<0.5 
<0.5 
<0.5 

<0.l 

<0.1 
<0.1 
<0.1 

B) Mini-column Resin Study 

Results 

134 

10 
84 
91 

11 

2.8 
5.9 
4.4 

2,170 

0.84 
22 

116 
476 

101 

l.8 
10.4 

23 

3.2 

<0.1 
0.75 
0.90 

1,548 

'0 ... ., 
394 
440 

NOTE: 
(l) Initial sample for run #3 was collected after run was completed 

(2) Halogen specific detector used for run #1,2 

(3) Fl<!llle ionization detector used for run #3,4 
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IV. CHROMIUM REMOVAL 

Bench scale_treatability studies were conducted using 

water collected from well M-11 to evaluate reduction/crecicit------ --- - ... -- - --- - -

ation, ion exchange, and carbon/molecular sieve resin adsorp

tion as means of removing chromium. 

A. REDUCTION/PRECIPITATION 

l) Description of Treatability Tests 

Raw water samples eolleeted from well M-11 were 

this study. An analysis of the water indicated that there was 

less than 0.04 mg/L total chromium and 0.008 mg/L hexavalent 

chromium (Cr+6 ). The difference in detection limit is due to 

the nature of the analytical procedures used for each test. 

Total chromium was analyzed via atomic adsorption with detec

tion limit of 0.04 mg/L while Cr+6 was measured via a color

imetric technique with a detection limit of 0.005 mg/L. 

I l' . 

Since low levels of chromium were found in the samples 

from well M-11-the samples were spiked with potassium 

dichromate to increase the hexavalent chromium concentration 

to 0.2 mg/L. Hargis estimates of the initial total chromium 

concentration in the 5,000 gpm scenario are 0.07 ± 0.03 mg/L. 

Jar tests were conducted on the spiked water. Ferrous 

sulfate (Feso4) and sodium metabisulfite (Na2s 2o5) were the 

reducing agents tested. The results of the jar tests are 

presented in Table 9. 

I 

[_ 

2) Results of Treatability Tests 

Feso4 was added in varying dosages (10-50 mg/Las Feso4) 

at the ambient water pH of 7.2. Hexavalent chromium:was 

reduced from 0.2 mg/L to less than 0.01 mg/L within 3 minutes 

1 at all FeSO, dosages. Caustic (NaOH) then was added to raise 
I -. 

;.... the pH to 8 to form chromium and iron hydroxide precipitates; 

! 

-l, ·. 

L.. 

the samples were mixed for another 5 minutes. The samples 

were filtered to remove precipitates and were found to have 

less than 0,04 mg/L total chromium. 

~ 
J" 11'\.l "II&;. 
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TABLE 9 

~. 

Chromium Removal Studies 

REDUCTION/PRECIPITATION 

REDUCTION STEP 
PRECIPITATION STEP 

Reducing Dosage Reaction Cr 
+6 TSS NaOH Reactiion TSS Total 

Agent (mg/L) Time Remain Produced Dosage pH Time Produced Cr 

(minutes) (mg/L) (mg/L) (mg/L) (minutes) (mg/L) (mg/L) 

Fe.so4 
10 3 <0.01 2 16 B 5 4 <0.04 

30 3 <0.01 5 26 B 5 14 <:0.04 

50 3 <0.01 7 32 B 5 26 <:o. 04 

Feso4 
5 3 NA NA 5 7 .. 5 5 1 0.06 

H 
10 3 NA NA B 7 .. 5 5 2 0.04 

<: 
I Fe,so

4 
5 3 NA NA 11 e.o 5 2 0.04 

N 10 3 NA NA 15 B.O 5 5 <0.04 

FE!SO 
4 

5 3 NA NA 25 8.5 5 2 0.04 

10 3 NA NA 30 8.5 5 4 <0.04 

N,:12S205 5 2 0.16 <1 

10 2 0.15 <l 

20 2 0.10 . <1 

Na 2
s 2

o 5 
5 10 0.16 <l 

10 10 0.15 <l 

20 10 0.10 <l 

Na 2
s 2

o
5 

5 20 0.16 NA 

10 20 0.14 NA 

20 20 0.09 NA ~ 
~ 

Initial Cr +G concentration (mg/'L) = 0. 2 mg/L 

OJ 

Initial pH = 7. 2 

NA= Not Analyzed 
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In subsequent· tests, lowering the FeSO 4 dosage to 5 mg/L 

caused the effluent total chromium to rise to 0.04 mg/Lat 

pH's of 8.0 and 8.5, and 0.06 mg/Lat pH=?,S, In addition, at 

a dosage of 10 mg/L Feso4 and a pH of 7.5 the effluent total 

chromium was 0.04 mg/L. 

Sodium metabisulfite was also tested as a reducing agent, 

but was found to be not as effective as Feso4 at the ambient 

pH of 7.2. Sodium metabisulfite is-generally more effective 

at a lower pH. 

In Sll..L7&Inary reduction/precipitation using Feso 4 was found 

to be an effective process for chromium removal. The recom

mended Feso4 dosage for reduction of Cr+6 to Cr+ 3 is 10 mg/L; 

a pH of 8 is recommended for hydroxide precipitation. 

3j Solids Handling 

The amount of s·olids produced during the precipitation 

process was measured, At the recommended FeSO4 dosage· 

(10 mg/L) and pH (8), 5 mg/L TSS were produced. It is antici

pated that these solids could be removed via multi-media 

pressure filters. The filters would require periodic back

washing; the backwash solids would be thickened, dewatered and 

then sent to off-site disposal. 

It is recommended that pilot reduction/precipitation 

and filtration studies be conducted to: (a} geneJ:ate 

sufficient sludge quantities so that solids handling 

alternatives can be evaluated and (b) evaluate both standard 

and high rate filtration systems. 

4) Design Criteria Selection 

The design criteria developed from the bench scale 

reduction/precipitation testing are summarized in Table 10 • 
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TABLE 10 

Oesign Criteria 
Reduction/Precipitation 

Feso4 Dosage (mg/L) 

Reaction Time for Reduction (min) 

pH for Precipitation 

Reaction Time for Precipitation (min) 

TSS produced (mg/L) 

ION EXCHANGE 

1) Description of Treatability Testing 

10 

5 

8 

5 

5 

420 

The treatability studies were conducted using a 25 ml 

buret (3/8 inch inside diameter). A strong base Type 1 anion 

exchange resin, Amberlite IRA-402 manufactured by Rohm and 

Haas was used in the testing. A resin volume of 6 ml was used 

which this resulted in a bed depth of 3.75 inches. The resin 

was converted into the chloride form by passing sodium 

chloride through the resin. 

A positive displacement pump was used to continuously 

feed sample to the buret at a nominal rate of 2 ml/min. This 

feed rate resulted in an empty bed contact time of 3 minutes. 

The column was operated in a downflow mode. Samples we~e 

collected periodically and analyzed for hexavalent chromium. 

2) Results of Testing Program 

The results of the ion exchange treatability study are 

sUlllI?'~rized in Table 11. Th9 ~ample from-well M~ll was again 

spiked with potassium dichromate to achieve an influent Cr+6 

concentration of 0.20 mg/L. cr+6 was removed to levels below 

the target of 0.05 mg/L initially and remained below 0.05 mg/L 

bed volumes of ·flow had passed 

through the resin, which was sooner than anticipated. The 
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levels continued to increase until the end of the test when 

the effluent Cr+6 concentration dropped. It is not understood 
+6 

why the effluent Cr levels dropped near the end of the test. 

The resin was regenerated· using sodium chloride. Approx-

imately 50 percent of the influent chrome was recovered after 

regenerating with what was thought to be a sufficient 
.... _,,,. __ 
VVJ,.11,,U.U,;:::: 

of regenerant. Additional regenerant would have been required 

to remove more chromium from the resin. 

3) Process Design Criteria 

To apply the results of the treatability tests to the 

design of a full scale ion exchange facility, the following 

process design criteria were established: 

o Maximum water flowrate and loading rate 

o Empty bed contact time 

o Maximum influent and effluent concentrations 

o Frequency of resin regeneration 

These design criteria were then utilized to determine the 

number of contactors, contactor dimensions, and the quantity 

of resin required. 

The following is a preliminary design of an ion exchange 

system for treating 2,000 gpm of groundwater containing 

0.2 mg/L hexavalent chromium to meet.the treatment objective 

of 0.05 mg/L total chromium. The number of contactors and 

contactor dimensions was based upon a loading rate of 

4.8 gpm/Ft2 and an EBCT of 10 minutes. These design criteria 

are summarized in Table 12. 
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• TABLE 11 

[ 
ChromiUm Removal C::PnA.; DC 

w._.., ___ 

Ion Exchange 

C EFFLUENT FEED 
Cr+6 

DATE VOLUME RATE 

(ml) (ml/min) mg/L 

[ 8/11 initial .20 

l 
8/12 2,050 <0.005 

5,008 <0.005 

I 
8/15 10,498 0.016 

l0,846 l.97 0.017 

L 11,186 0,021 

11,261 0.026 

[ 11,575 1.81 0.026 

12,870 l. 76 0.055 

[_ 8/16 12,985 l.67 O.ll 

13,183 2.10 0 .11 

13,401 1.75 O.ll 

- 13,539 1.79 0.12 

- 14,684 
0.06 

14,756 0.09 

r 
[' . 
~-· 

[_" 

I 
L 

L 
Resin: Rohm & Haas IRA - 402 strong Base anionic form 

\::= Colwan: 3/8" Diameter Buret 
Resin volwne • 6 ml 

l 
L-. 

-✓ 
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No. Contac:tors: 

Hydraulic capacity: 

Contactor Dial!leter: 

Contactor Height: 

Depth of Resin: 

Resin per Contactor: 

TABLE 12 

Design Criteria 
Ion Exchange 

Resin Regeneration Frequency: 

4 

500 gpm per contactor 

· ll.5 feet 

12 feet 

6.75 feet 

675 Ft3 

Twice a month 

423 

An order of magnitude estimate of this ion exchange 

system is about $2,000,000. A major portion of this cost is 

the resin itself, valued at approximately $600,000. The cost 

does not include the additional eost of facilities to treat 

the spent regenerant for chromium removal. The cost for the 

ion exchange system and the facilities to treat the regenerate 

wastes will be significantly higher than the cost of a 

reduction/precipitation alternative. lt is noted to that a 

smaller ion exchange system could be provided which would 

require more frequent resin reyeneration; but at a lower 

capital cost. 
In summary, ion exchange did achieve the treatment ob

jective of 0.05 mg/L. More extensive pilot testing would be 

required to determine if a full scale system could be 

developed for this particular application. However, the cost 

o~ the ion exchange system, and regenerant treatment system 

along with the uncertainty of the resin's ability to be 

regenerated and render ion exchange unattractive for chromium 

removal. 

~ 
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C. ADSORPTION 

A raw water sample from well M-11 was spiked with 0.2 

mg/L of hexavalent chromium. curing the dynamic mini-coiumn 

testing of .GAC and the molecular sieve resin, samples were 

taken a~d analyzed for hexavalent chromium. The results of 

these tests are presented in ~al:)le 13. 
TABLE: 13 

Chromium Removal Via Adsorption 

Cr +6 Concentration Cms/Ll 
Effluent Volume (ml) GAC Molecular Sieve Resin 

Initial 0.20 0.22 

40 0.08 0.22 

112 0.14 NA 

331 0.16 NA 

505 " , .. U"-
IJ •• , ,u, 

1063 0.19 NA 

Hexavalent chromium immediately broke through beyond the 

0.05 mg/L target level during testing of both the GAC and 

molecular sieve resin. Some chromium removal was achieved 

with GAC. As expected, none was achieved with the resin. It 

was concluded from these results that adsorption of chromium 

onto either GAC or the molecular sieve resin is not an 

effective treatment process for removing chromium. 

~ l'I II: 
IV-8 
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V. CONCEPTUAL DESIGN OF RECOMMENDED SYSTEM 

As discussed in. Section III, an aeration process using a 

packed colUirw is recommended to reduce the voe levels down to 

the various target levels. A chemical reduction/~recipitation 

process is recommended to remove hexavalent chromium while a 

multi-media filtration process is recommended to remove the 

chromium precipitate. The filter baclcwash whieh cantains the 

chromium precipitate would be transferred to an equalization 

tank and then to a sedimentation process to remove the precip

itate from backwash waste. The iron and chromium precipitates 

that settle out in the clarifier would be transferred to a 

storage tank and then pumped to a sludge dewatering process 

such as a recessed plate pressure filter or two twin wire 

multi-roll compression belt filter. After dewatering the 

solids would be hauled offsite for disposal. Based upon a 

recommendation by Hargis and Montgomery to remove all 

particle•s greater than O. 5 microns prior to recharge, a 

cartridge filter system· is recommended following the dual 

media filtration system. 

A. PRELIMINARY SIZING OF PACKED TOWERS 

As discussed in Section I, a range of target treatment 

levels were developed by OSAF in conjunction with the ADHS and 

USEPA. One of the principal objectives of this study is to 

describe treatment alternatives that would meet the target 

treatment levels. As shown in Figure 5, the effluent voe 
level remaining in the packed column effluent is controlled 

primarily by the packing qeight. In sizing a packed tower 

additional packing is added to the calculated packing height 

to account for variations tn the voe levels in the infl"uerit to 

the column, for variations in the liquid loading to the tower 

and as a factor of safety for the mass transfer relationship. 

The calculated packing height for each target treatment 

level was obtained from Figure 5. The recommended packing 

~N. · t'IK It, V-l 
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height was determined as follows: Four feet of packing was 

added to the calculated packing height to allow for variations 

in the influent voe concentration and variations in the liquid 

loading. The packing height was further increased by 25 

percent as a factor of safety. The overall tower height is 

approximately seven feet higher than the packing height to 

provide space· for the air and liquid inlet and outlet devices. 

As indicated previously the tower was sized at a hydraulic 

loading of 25 gpm/ft2 with a maximum column diameter equal to 

12 feet. 25 feet was used as the practicai maximum height for 

a packed tower. Columns were sized for flow conditions of 

2,000 gpm and 5,000 gpm. Capital cost estimate was prepared 

for the various packed column alternatives. Both the sizing 

and cost estimates are presented in Table 14. It is noted 

that the cost estimate does not include the cost for any of 

the other facilities such as withdrawal and recharge wells, 

distribution piping, chromium removal or solids handling 

systems. However, provisions were made for an installed spare 

packed tower. The purpose of -Table 14 is to illustrate the 

sizing and relative cost sensitivity to meet the various 

target levels. The cost to achieve the lowest voe levels is 

high because of the requirement for a two stage column system 

and added cost for an intermediate pumping station and an 

additional blower, piping, foundations, electrical work and 

instrumentation. 

B. CONCEPTUAL DESIGN CRITERIA 

Process flow diagrams of the treatment system recommended 

to treat flows of 2,000 gpm and 5,000 gprn and reduce the DCE 

v-2 
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Matrix: 

Flow 

5,000 p 

2,000 gpm 

TABLE 14 

1 
Capital Cost Estimate tor Packed Tower Process 

Target 
Level 

Compound (ug/ll 

TCE 5 
50 

270 

CCE 0.033 
10 
40 

. TCA 16.B 
so· 

168 

TCE 5 
so 

270 

DCE 0.033 
10 
40 

TCA 16,8 
50 

168 

Numl:>er 

0~ 2 
TraJ.ns 

3 
3 
3 

3 
3 
3 

3 

2 
2 
2 

2 
2 
2 

2 

overall 
Columns Height 

Per Train (Ft) 

2 20 
l 24 
l 17 

2 25 
l 23 
l 19 

l 17 

2 20 
l 24 
l 17 

2 25 
l 23 
1 19 

l 17 

l. Costs are for the packed tower process alone. 

2. Includes l spare. 

V-3 

Capital Cost 
($) 

876,000 
378,000 
319,000 

960,000 
370,000 
336,000 

319,200 

599,000 
260,000 
221,000 

655,000 
254,000 
232,000 

221,000 

427 
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level to 0.033 ug/1 are presented in Figure 8 and Figure 9. 

The unit sizing criteria that were used to prepare the fiow 

sheets are summa.ried as follows: 

1) . 

2) 

3) 

Packed Column(s) 

o Liquid Loading - 25 gpm/ft2 

o Packing Height (calculated) - 24 feet 

o Packing Height recommended - 36 feet 

o Provide two - 25 foot high columns 

o A/W ratio - 30/1 (ft3/ft3 ) 

o Pressure Drop - approximately 5 inches 
water 

o Provide in.stalled spare packed towers 

Reduction/Precipitation 

o Ferrous sulfate dosage - 10 mg/1 

o Reaction time for reduction - 5 minutes 

o Reaction time for precipitation - 5 
minutes 

o Provide spare reaction tank with mixer 

o Sodium hydroxide dosage to raise pB to 8.0 
= 15 mg/l 

o suspended solids produced= 5 mg/1 

Dual-Media Filtration 

o Hydraulic loading= 4 gpm/ft2 

Provide one space filter 

o Polymer dosage - 3 mg/1 

o Use filtered effluent for backwash 

o Backwash frequency - assume once/day 

o Backwash volume - 15 gpm/ft2 for 15 min. 

V-4 
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4) Cartridge Filtration 

5) 

o PI;"ovide vessel with disposable filter 
cartridge to remove particles greater than 
0.5 microns. 

o Provide spare vessel and cartridges 

Solids Handling 

o Backwash storage tank to contain 125% of 
the daily backwash flow 

o Hydraulic loading - 400 gpd/ft
2 

o Provide spare clarifier 

o Polymer dosage - 5 mg/1 

o Sludge storage tank 

o Recessed Plate pressure filter 

c Assu..~e cake solid concentration= 30% 

o Assume cake bulk density= 68 lb/ft
3 

o Assume two filtration cycles/week 

V-5 
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A water treatment system was developed during the screening 

and pilot testing phases to remove volatile cr:ganic compounds 

(VOCI S) and chromum from the groundwater ai the Hughes 

Aircraft Company facility in Tucson, Arizona. This section of 

the report describes the proposed system and presents esti

mates of the capital cost and the operation and maintenance 

costs. 

A. SYSTEM DESCRIPTION 

The water treatment process that was developed in the 

second phase cf this study included a packed tower air strip-

ping system to rar~ve VOC's followed by a reduction/precipi-

tation process to remove chromium and final cartridge filtra

tion. A system to remove the solids generated by the reduc

tion/precipitation process was also selected. This solids 

handling system includes clarification and dewatering facil

ities (via a recessed plate filter press) to reduce the volume 

.of sludge requiring uitimate disposal. 

Additional facilities which may be required are described 

in the following section. Further study is recommended to 

confirm the need for these additional facilities. The capital 

cost and the operation and maintenance cost for these facili

ties were for the most part included in this estimate. 

A · vapor carbon adsorption system may be required to 

reduce the voe emission rate into the atmosphere. The system 

has been sized to remove VOC's from the discharge of the first 

stage packed towers which emit the largest quantity of VOC's. 

~ue to. relatively low voe concentration in the tower dis:harge 

to the atmosphere (10 ppm by volume), the carbon system is' 

expected to remove only 50 to 80 percent of the applied VOC's. 

Further study is recommended prior to final design to develop 

conceptual design criteria and performance estimates. 
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For purposes of t.~e cost estimate a ~1~aning sy~t~m has 

been provided to remove inorganic scale such as calcium 

earbonate from the media 

acid will be recirculated· through the towers to dissolve 

scale. The acid solution will be collected and reeireulated 

from a separate sump. Provisions to clean the media with a 

439 

1 solution of chlorine and water has also been provided. The 

purpose of this step is to remove biological growth that might 

attach to media. 
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Final treatment including pH adjustment and chlorination 

prior to injection has been provided. Final effluent chlori- · 

nation should prevent biological growth in the water distri

bution system while final pH adjustment has been provided to 

prevent solids precipitation and potential fouling of the 

recharge_ well. Further study is recommended to determine the 

need for final pH control prior to recharge. 
. \ 

Oltrafiltration has.been considered as an alternative to 

the -F; 1 f-?",.f-; ,.,,., -Fn 1. l l"IW""d hv ------~---· _____ ,,,,. __ -. 
cartridge filtration. Ultrafiltration was evaluated in case 

the particle size of the solids in the flow to the injection 

wells needed to be less than one micron which is the expected 

particle size in the pressure and cartridge filtration seheme. 

It is noted that pressure filtration followed by two stage 

cartridge filtration might be an alternative to ·ultrafiltra

tion. 

B. ESTIMATING PROCEDURE 

A detailed cost estimate was developed for the collec

tion, conveyance, treatment, distribution and injection 

facilities for a flow of 5000 gpm. The height of the packed 

tower (s) was varied to meet the various target treatment 

objectives. The cost to meet the various target treatment 

levels was determined by adding the cost of the packed tower 

VI-2 

' - .... -•. · ;--, .. 



I 

I -

systems (required to meet the target treatment levels) to the 

cost of :all of the facilities. It is noted that the cost of 

the · remaining treatment and conveyance facilities is a 

function of the flowrate and the number and location of the 

reclamation and injection wells and not on the voe levels. 

Also it is noted that the target chromium level may be 

I achievable by blending. Some cost savings could be realized 

t if c_hromium treatment is not required. 

r -

! 

-

The cost estimate far the 2000 ~~m system was developed 

by factoring the 5000 gpm estimate down to reflect a reduction 

in the size of the collection, treatment, and injection 

facilities. 

The capital cost estimate was developed starting with 

preliminary layouts of required wells, treatment and convey

ance facilities. Mechanical costs were developed for the most 

part from budget vendor quotations. Piping costs were devel

oped from quantity take of_is of pipes, valves and other 

fittings. The electrical and instrumentation estimate was 

also developed from quantity take.offs of required equipment. 

1) Reclamation and Recharge Piping 

A preliminary layout of.the reclamation and recharge well 

system is presented in Figures lOA, Band C. The number and 

siting of the reclamation and injection wells was developed by 

Hargis and Montgomery (Hargis). A schematic of a typical 

reclamation and recharge well is shown in Figure 11 and Figure 

12. The piping layout represents a cost effective method of 

conveying water to and from the water reclamation plant. 

2) Trea~ment Plant Piping and Equipment 

The cost of in plant piping was developed from a prelim

inary piping layout. A site plan of the water treatment 

facility that also shows a motor list is presented in Figure 

13. A process flow schematic of the water treatment system 

~ VI-3 
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equipment is presented as Figure 14. Installed spares have 

been provided for all mechanical equipment and most of the 

tankage. 

The proposed system includes a chlorination ·system to 

provide the capability of adding chlorine to the treatment 

plant influent and effluent. 

The air - stripping system consists of three parallel 

trains of two packed towers with an intermediate sump used to 

repump the water to the second stage packed towers. Each 

train;~ si~~d to handle 2500 gpm of reclaimed water. One 

train has be~n provided as a standby. A media acid wash 

system which include a separate sump, pumps and piping has 

also been provided should the packed media ever require 

cleaning. 
The packed tower effluent flows into a chemical. reaction 

tank where ferrous sulfate is added to reduce hexavalent 

chromium to the trivalent form. The pB of the stream_ is then 

raised with sodium hydroxide to about 8 to precipitate 

chromium and ferric hydroxides. Mechan~cal agitators are 

provided in each reaction tank to promote adequate eontaet of 

the chemicals with water. Ferrous sulfate and sodium hydroxide 

storage and feeding facilities have been provided. Ferrou,s 

sulfate will be delivered as a bulk solid: the feed solution 

would be made up upon delivery and stored as a liquid. Sodium 

hydroxide will be purchased and stored as a 50 percent aqueous 

solution. Spare reaction tanks with mixers have also been 

provided. 

A transfer pump pumps the water through a static mixer 

where polymer is added as a coagulant and to enhance the 

removals of precipitated metal hydroxides prior to pressure 

filtration. A complete polymer make up and storage system has 

been provided. 

Four horizontal pressure filters have been provided, each 

sized to handle approximately 1700 gpm. One spare filter pump 

~RN• 't'I IC 
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is provided. Each filter is divided into four separate com

partments to allow backwashing of each compartment, with the 

effluent from the other three compartments. This feature 

eliminates the need for a separate tank to store water used 

for backwashing. 

Effluent from the backwashing step is collected and 

stored prior to pumping to a clarifier for solid/liquid 

separation. Polymer is added in line to aid in coagulation. 

442 

A second polymer make up and storage facility has been provided. 

Sludge from the bottom of the clarifier is transferred to a 

sludge storage tank prior to dewatering on a recessed plate 

filter press. Dewatered sludge will be collected in a 

dumpster or dump truck and peri9dically hauled away. Clari

fier supernatant and filter press filtrate will be 

recirculated back to the reduction/precipitation system. 

Cartridge filtration using disposable cartridges has been 

provided after filtration to reduce the particle size of any 

solids that may be in the treated water to one micron. A 

clearwell has. been provided after cartridge filtration to 

provide some storage of the treated water should the capacity 

of the injection wells be temporarily exceeded. 

Final treatment facilities to adjust the p.B of the 

treated water and to add chlorine have been provided. 

for 'R',,,..,.noc ... ~ ;:aT"I.Q, v.,.,=., 
..... --:,••-- -- -··- - z --

samples for voe' s and chromium in the effluent has been 

provided. 

3} ultrafiltration Alternate 

An ultrafiltration (tJF) system has been considered 

as an al~ernate to pressure and cartridge filtration for 

solids removal. A staged system would be required to achievP 

a recovery of about 98 percent. A reject stream of 2 percent, 

or 100 gpm would be sent to the solids handling system already 

provided • 
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Due t_o the high flowrates required through the system, 

internal recirculation and storage would be required. Because 

of recirculation, the pumping requirements of a 5000 gpm UF 

system would actually be 16,000 gpm. At the required pressure 

drop of 20 psi through the OF system, the power requirement 

would be approximately 250 hp. This is significantly higher 

than the 50 hp power requirement of the pressure/cartridge 

filtration system. 

The cost for a 5000 gpm OF system which includes the 

pumps, membrane, modules, interna 1 storage and membrane 

washing system would be about Since the capital 

and operation and maintenance costs for an ultrafiltration 

system is considerably higher than the costs for pressure and 

cartridge filtration, the pressure and cartride filtration 

estimate. 

4) Electrical system Description 

The proposed work includes the following: Two 5000 KVA 

oil transformers with secondary switch gear will be added onto 

the existing main outdoor substation. A total of 6 feeders at 

4160 volts will run underground from the main outdoor substa

tion to the various loads. The loads will include a new unit 

substation rated 112. 5 KVA at each reclamation well ( 17 

total), a new double ended 1500 KVA substation at the new 

treatment plant and the existing treatment plant substation. 

Each of these substations will be supplied from two separate 

feeders. The two 5000 KV'A transformers and dual feeder 

arrangement will essentially provide a loop type distribution 

system. This would provide load transfer capability that 

might ~esult from feeder breakdown. This also insures power 

availability for additional wells that might be required. 

The unit substations at the reclamation wells will have 

interlocked primary switches, transformer section and 480 volt 

secondary distribution panel. Each substation will include a 

~ 
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variable frequ·ency controller for the reclamation well pump 

water. Low voltage power w.ill run from the distribution 

panels to the closest recharge wells. All reclamation and 

recharge wells will be interconnected for signal transmission. 

Lighting and security using intrusion detection and equipment 

tamper devices at each well. 

The new electrical units at the treatment plant will 

include the substation described above, 480 volt motor control 

centers, variable frequency controllers, and all transformers, 

panels, switches, and interconnecting conduit and cable 

required for a complete installa_tion. Lighting, grounding, 

security and communication system is also included. 

5) Instrumentation 

An instrumentation and control system proposed by the 

Allen-Bradley Company is included in the appendix. The 

proposed system is a computer control system designed to be a 

distributed process control system. The base system consists 

of four PLC-3 programmable controllers with remote I/O for 

monitoring and control of reclamation and injection wells and 

fifth PLC-3 for the treatment plant. The control syste.~ has 

been designed based on the use of variable speed drives 

(VFD)to run the pumps at the wells and the treatment plant. 

VFD 's have been utilized based upon the energy and cost 

savings as illustrated in Figures 15 and 16. 

The system provides for measurement and remote display of 

pressure, flow, and temperature in all process water lines 

within the plant as well as in the conveyance and distribution 

systems. Flow will be controlled remotely. The pH in the 

reduction/precip~tation system and in the final effluent will 

be monitored and controlled remotely. The water level in each 

reclamation and injection well will also be monitored 

remotely. Typical CRT displays attainable are depicted in 

figures 17 through 22. 
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ALLEN-BRADLEY DRIVES DIVISION 

ENGINEERING DATA APPLICATION 

HUGHES AIRCRAFT 
Centrifu 

Ener lication for 50HP Centrifu al 

Pump usin Variables eed vs. Throttlin INDUSTRY: 

SYSTEM DATA 

PUMP: 

MOTOR: 

50HP centrifugal pump described by curves in figures 1-3. 

50HP, 1750 RPM, TEFC enclosure, 95% ef'ficienc;:y at full load 

and speed. 

DRIVE: 

VALVE: 

50KVA, Bulletin 1350 adjustable frequency AC drive 

97% efficient at full load and speed 

90% efficient at~ load and speed 

Effect on system shown by curves in figure 2. 

AVERAGE SYSTEM OPERATING POINT: 55% flow= 300 GPM 

BHP COMPARISON BETWEEN VARIABLE SPEED AND THROTTLING 

THROTTLING VARIABLE SPEED 

'C;'T .l"\T,J 
• ..,,I_ .. ,. (GPM) HEAD (FT.) ~ HEAD (FT.) BHP* 

550 250 35 250 35 

300 277 21 90 7 

*BHP= (Flow x Head)/3960 (for water) 

CALCULATION OF ANNUAL POWER OSAGE 

KW HR Osage= BHP x 1 x .746KW/HP x hours of operation 

Eff. Motor & Control 

THROTTLING VALVE METHOD: 

KWH= 21 HP x l x .746 KW/HP x 8760 HRS 

~ 

8760 HRS= YEAR ROUND 24 HRS./DAY 

= 144457 KWH 

VFO USE JUSTIFICATION 
ENERGY SAVING 

50 HP 

FIGURE 15 
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AC DR!\.'E ~~THOD : 

7HP x l x .746 KW/HP X 8760 HRS 
.95 

= 48152 KWH 

Energy Saving= (144457KWB - 48152:KWH) 

= 96305:KWH X .055¢/KWB 
= $5,297 savings per year 

/ 

NOTE: The heads used in this example were calculated from the 
reclaii~tion syste.~; actual heads may vary in the installed 
system changing the energy savings figure. 

44G 



• 

r 
L 

-
r 
L 

! 
'-

L 

• 

447 
ALLEN-BRADLEY DRIVES DmSION 

ENGINEERING DATA APPLICATION 

HUGHES AIRCRAFT Centrifuqal 

Energy Savings Aoolication for 25HP Centrifugal 

Pump using Variable Soeed vs. Throttlina INDUSTRY 

SYSTEM DATA 

PUMP: 25HP centrifugal pump 

MOTOR: 25HP, 17~50 RPM, TEFC enclosure, 95% effici~,~i ,. +-...... f'n 1 1 ·--- load 

and speed. 

DRIVE: 25KVA, Bulletin 1334 adjustable frequency AC drive 

97% efficient at full load and speed 

90% efficient at ~ load and speed 

VALVE: Effect on system shown by curves in figure 2. 

AVERAGE SYSTEM OPERATING POINT: 60% flow= 1200 GPM 
(typical for pump systems) 

BHP COMPARISON BETWEEN VARIABLE SPEED AND THROTTLING 

THROTTLING VARIABLE SPEED 

FLOW (GPM) HEAD (FT.) ~ HEAD (FT. j ~ 

2000 50 25 50 25 

1200 66 20 18 6 

. *BHP= (flow x Head)/3960 (for wateri 

CALCULATION OF ANNUAL POWER USAGE 

Pumo 

KW HR Usage= BHP x 1 x .746KW/HP x hours of operation ..,..,,,..,,_......., _____ _ 
Eff. Motor Control 

THROTTLING VALVE METHOD: 

KW= 20 HP X 1 X .746 KW/HP X 8760 HRS 

Ts 

8760 HRS= YEAR ROUND 24 HRS./DAY 

= 137578 KWH 

VFD USE JUSTIFICATION 
ENERGY·SAVING 

25 HP 

FIGURE 16 
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AC DRIVE METHOD: 

6HP x l x .746 KW/HP x 8760 HRS 
Ts 

= 41273 KWH 

Energy Savings= 

NOTE: 

137578 = 41273 KWH 

= 96305 KWH x .055¢/KWB 
= $5,296 Savings per year 

This exalllple is an estimate only as the actual heads and 
GPM rates were not know for the process plant. 
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VALVE OPEN 8 

FLOW RATE 

VAL VE CLOSED e 

TOTAL GALLONS LAST :24 HOURS 

TOTAL GALLONS LAST 7 DA VS 

PRESSURE • HI-LO O SAfE 

LEVEL 

TRESPASS e 
0 HI-LO e SAFE 

SECURE 8 

-1 ... _, . :•-·1 

TIME 

!DATE __ _ 

__ GPM 

GAL --
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PSI ---
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r TIME 

f RECLAMATION WELL R-16 DATE 

0 
PUMP IN OPERATION OFF 8 ON • 

z C"> GPM FLO"'r __ GPM 

m ~~ VFD FREQUENCY ·,__ CY 

~ §> HPM : __ RPM 

_... Ci~ TOTAL GALLONS LAST 24 HOURS __ GAL 

~ ~~ TOT AL GALLONS LAST 7 DAYS __ GAL 

~ .jg ~ TOTAL RUN TIME __ HRS 

r •::: ~ t<WH READOUT __ KWH 

~ i:3 ~ VOLTAGE UNDEO O OVER VOLTAGE O __ VOLTS 

~ ~g r- AMPS OVER CURRENT O __ AMPS 

o t:::, HOTOR TE:MP OVER HEAT O __ •c 

Z ~~ lr-lEAD PRESSURE PSI 

~ [; IPHASE LOSS e POWER OFF e 
· r :< :SHORT C~(T e STALL G 

~ TRESPASS e SECURE • 
0 PC CUTOUT 
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6) Site-Work & Structural 

The site work and structural estimate includes the 

cost to provide equipment pads, in ground tankage, a building, 

and fencing at the treatment plant site. The estimate also 

includes site work at each well location, as well as a provi-
-, 

sion-for unimproved roadways. 

. ,;. . ~ . 

C. COST SUMMARY' 

The estimated project cost for the 5000 gpm water 

456 

reclaimation system is This estimate includes an 

allowance for the first year cost -·for operating and 

maintenance, consul ting and -contract analytical services. A 

breakdown of this cost estimate is presented in Table 15. 

Backup for the construction cost estimate is appended. 

A matrix was developed to compare the project cost as a 

function of target effluent concentration. The matrix is 

presented in Table 16. The results show that the cost to 

achieve the lowest target effluent levels is not significantly 

different than the cost to achieve high effluent levels. 
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TABLE lS 

CONSTRUCTION COST ESTIMATE - 5000 GPM SYSTEM 

Reclamation Wells, Piping, Valves 
and Fittings 

Reclamation Well Pumps 

Recharge Wells, Piping, Valves 
and Fittings 

Water Treatment Plant Piping, Valves 
and Fittings 

r-ivil/1>.r~iteetural. Sitework, Structural 
and Roadways 

Electrical and Lighting, Power and Distribution 

Treatment Plant Process and Analytical Equipment 

Instrumentation and Controls 

Construction Cost 

First Year _Operaeion and Ma.inter&&.~ce 

First Year Analytical and Hyclrogeological 
Consulting Services 

A&E Services 

Hughes Engineering Support 

Total Project Cost 

~ 
t"IK.NIC 

45'? 



458 

-
,-

TABLE 16 

COST MATRIX 
5000 gpm 

,'-

Target 
Objective Resultant Total Project 

(ug/ll Effluent (ug/l) Cost ($) 

E ~ ,!g 

5 " ~ 0.4 ....... 

so 8 4 

270 70 ll 

DCE E ,!g -

• 0.033 
r, C: .04 v. ;.J 

10 80 6 

40 250 10 

TCA E. ~ -
16. B 400 75 

._. 
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A. Reclamation and Recharge. Wells 

Item Material -
l. 3' x 3' x 3' Band.hole 

2. Eiccavation & Backfill 

3. Gravel sump 
4. 6' X 8 1 X 6' Manhole 

S. Excavation u Backfill 

6. Gravel SUmp 

7. Patch 
8. Trench & Backfill 24"W x 36"0 

9. Trench & Backfill l8"W x 36"0 

10. Roadway cut (concrete) 

ll. Roadway cut (asphalt) 

12. Railway cut (tracks) 

13. Parking lot cut (aspbal.ti 

14. Roadway repair (concrete) 

15. Roadway repair (aspba.lt) 

16. R.R. cut repair 
17. Rubble remove 
18. Pul:ilic area safeguards 

19. Grade & Level 
20. Above grade splice box 

on manhole 
21. 8'-6" x 8'-6" x- 7' manhole 

22. Excavate & Backfill 

23. Gravel sump 

24. Patch 
25. Above grade splice box 

26. Reclamation wells 

27. Rechange wells 
28. 2' X 3' 3' handhole 

29. Excavate 
30. Sump 

31. 4" PVC conduit 
32. 2" PVC conduit 
33·. 4" End bells 
34. 2" End bells 
35. 4• Adapters 
36. 2" Adapters 
37. Pull line in empty conduit 

38. 4" Caps or plugs 

. 39. 4" Spacer 
40. 2• Spacer 
41.- Tie downs (pairs & cross) 

42. 500 MCM 5KV shielded cal:>le 

43. 4/0 XHBW cal:>le 
44. l/0 maw cable 
45. #2 XHHw cable 

Quantity 

31 
31 
31 
37 
37 
37 .. ., ., ' 

30,450' 
22,800 1 · 

150' 
360' 

30' 

300' 
1,800' 

30' 
10 

lot 
38 

6 

l 
l 
l 
l 
5 

17 
21 
38 
38 
38 

74,600' 
89,400 

208 
214 
208 
214 

10,000• 
32 

14,920 
17,880 
10,650 

199,100' 
68,000' 

101,550' 
67,700' 

62 
124 

62 
74 

296 
lll 
148 

Materials 
($)-

Included in Mechanical 
Estimate 

30 
54 

7 
20 
40 
38 
24 

2 
8 
3 
4 
5 

17 
21 
76 
76 
38 

7,460 
4,470 

124 
47 

124 
47 
30 
19 

746 
894 
532 

5,973 
l,700 
1,827 

974 
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46. 
47. 
48. 
49. 
so. 

51. 
52. 
53. 
54. 
55. 
56. 
57. 
58. 

59. 
60. 
61. 
62. 
63. 
64. 
65. 
66. 
67. 
68. 
69. 
70. 
71. 
72. 
73. 
74. 
75. 
76. 
77. 
78. 
79. 
BO. 

81. 
82. 
83. 
84. 
es. 

Materia1 

Twin axial cable 
Twin axial termination 

SKV triple splice 
SKV Single splice 
4 PR •. #18 SH, cable Belden 

9388 
PVC solvent. 
5 JN terminations 
4 PR. #18 SH terminations 

4 PR. # 18 SB splice 

!? KV cab le rack 
Onistrut clamp support 

150 Watt H.P.S. lamp 

150 Watt B.P.S. mayfair 

lum:ine:ire 
4• x 4• x 14' poles 
Pole bases 
Photo cell 
Auger for chem rod 
Chem ground rod 
4/0 Bare CU wire 
Cadweld connections 
Brooks k>oxes #l-R'l' 

Salt mix 
SUb stations 
112~ XVA trnasf. 4160/277/480 

Oil SW 
Interlocks 
Dist. 125 Amp, ma.in bier. 

S-20A 3 Pole branches 

S-20A l Pole branches 

6 XVA transformer 
480 v low fusing disc. 
Enclosure & panel 
w.P. Duplex outlet - FSD 3/4· 

Crouse hinds DS 222 
Variable Freq. Drive lllen 

Bradley 1350 W/PC. 

Set anchor 
lls reducer 
lls elbow 
Ericksons & misc. mat. 

i4 'I'BHN wire 

Quantity 

59,500' 
66 
36 
30 

59,000' 
160 QTS 
222 

78 
66 

888 
148 

38 

38 
38 
38 
38 
68 
68 

1,200' 
102 

68 
68 
17 
17 
17 
17 
17 

38 
38 
38 
38 
38 

17 
17 

340 
85 
68 

1,100' 

Labor 
Hours 

AB Proposal 
AB Proposal 

72 
45 

AB Proposal 
8 

333 
AB Proposal 
AB Proposal 

88 
74 

9 

114 
114 

76 
9 

136 
136 

28 
153 

68 
136 
136 
272 
136 

68 
238 

380 

19 
19. 

170 
102 

20 
38 

680 
13 

Materials 
($) 

AB Proposal 
AB Proposal 

AB Proposal 

AB Proposal 
AB Proposal 
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Labor Ma~ials 

- ~ 
Material Quantity Hours ($) 

'"" l,IQ THHI\! wire 280' 2 
,- O<>• ffW 

87. Low voltage panel terminations 38 152 

88. Flow valve connection 48 48 

89. Motion sensores (set of 8) 32 768 

'. 90. Bases 
128 128 

91. Motor heat sensor 17 34 

92. Strut mount set up 38 142 

-- 93. Cone base 38 114 
I. 

94. 11.i:" Reducers 170 10 

'"' 11." Elliaws 51 28 
::, ;, . .. . 
96. 11.i:" Locknuts & bushings 34 

•c ...;, 

97. 11.i:" Ericksons 34 20 

98. U TBBN wire 800' 12 

99. #8 THEN wire 200' l 

100. 11:i" Sealtite 68 10 

.,,, 1 J." 90° - Sealtite connectors 68 17 
•v•- ... 
102. l 2/4" Myers hubs w/qround 34 "" ,<;V 

-r 

-
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B. Water Trea.1:lient Plant 

l. 2-1S00 1-VAI!hds 

2. 2 Oil SWSJ"ll0A 
3. Kirk keys ·:et up 

4. Ground fad: 
S. Dist. (5•811; 6-400) 

6. Tie brealte: 
7. 2=1800 AMP!Min breakers 

B. 480 Dist. ~o AMP main bier. 

9, l-400; ·2-::m:l; 4•l00 

10. 4-60 
11. 300 lCVA 't:msf. 480/120/208 

12. 120/208 Da. 600 AMP main bier. 

l3. 2-4001 2-lllO 
l4. 277/480 peel 42 ClCT 

lS. 120/208 pmel 42 ClCT 

l6. Band holes2 1 
- 6" x 3' x 3' 

17. Var. freq_ drive - Allen 

Bradley >Jl350 

l8. var. freq~ drive - Allen 

Bradley f-1340 

19. 200 BP mom JB & conn. 

20. 40 BF =ttt JB & conn. 

2l. 25 BP meta: JB & conn. 

22. 20 HP mot.c JB & conn. 

23. 5 HP motor JB & conn. 

24. 400A disc:mnect NEMA 3 

2s. l00A discmnect NEMA 3 

26. 60A disCQmect NEMA 3 

27. 30A disc:amect NEMA 3 

28. i?.C. cont:cl 

29. MCC - 7 SICtions Allen 

Bradley 2l00 

30. 800 Main 
31. Comb. steters 

32. 4• PVC c0Jduit 
33. 3• PVC CQZ'duit 

34. 2• PVC Ccmiuit 

35. 411 Adapte:s 
36. 3• Adapta:s 

37. 2" Adapta:s 

. 38. 4" Spaces 
39. 3" Spacea 
40. 2" Space=,s 
41. Tie dowms 

42. Concrete 
43. 4" End bells 

Quantity 

2 
2 
5 
2 
l 
l 
2 
1 

l 
l 

2 
2 

18 

4 

27 
4 

10 
13 

4 
23 

4 
10 
17 
23 
54 

l 
l 

32 
510' 

1,730' 
12,800' 

30 
60 

360 
130 
430 

3,200 
700 
200 

16 

Labor 
Hours 

64 
24 
20 
24 
42 

4 
32 
C:A .,_ 

32 
42 

48 
48 
54 

64 

432 
68 
40 

12 
40 
41 
37 
59 
59 
81 

56 
12 

128 
86 

173 
806 

18 
24 
79 

6 
21 

160 
35 
so 

9 

Materials 
($) 
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Material 

44. 3" End bells 
45. 2" End bells 
46. Trench & Backfill 

47. 4" Rigid conduit 

48. 3" Rigid conduit 

49. 2" Rigid conduit 

SO. 4" Elbows 
51. 3" Ell:lows 

52. 2" Elbows 

53. 4" DLN & Gr. Bush 

54. 3" DLN & GR. Bush 

55. 2" DLN & GR. Bush 

56. 500 MCM SlCV cable 

57. 500 MCM - XHBW cable 

SB. 250 MCM - XHBW cable 

59. 4/0 - XHBW cable 

60, 300 MCM - XHBW cable 

61. l/0 - XBBW cable 

62. #6 - TBBN cable 

63. #8 - TBHN cable 

64. #10 - TBBN ~able 

65. #12 - THBN cable 
66. 14' Poles 
67. 22' Poles 
68, Luminaires lSOW 

69. Bldg luminaires lSOW 

70. Pole bases - concrete 

71. 150 W BPS lamps 
72. Photocell 
73. Contactor 60 AMP, 3 pole 

74. I.O. Rack for MCC (AB2l83) 

75. Misc control·monitoring 

76, Flow valve 
77, Press. valve 
78. 400A fuses 
79. 200A fuses 
BO. 60 fuses 
81. 30 fuses 
82. 100 fuses 
83. l~" sea.ltite 
84, l" sealtite 
BS. 3/4" sealtite 
86, 3" sealtite 
87. 3" sealtite connectors 

BB. l~" sealtite connectors 

89, l" sealtite connectors 

90. 3/4" sealtite connectors 

91. ~• seal.tite connectors 

Quantity 

32 
120 

2,880' 
80' 

160' 
90' 
22 
48 

270 
16 
32 

lBO 
480' 

6,450' 
500' 

2,300' 
960' 
3S0' 

4,000 
8,700 

23,000 
42,000 

22 
5 

61 
l3 
27 
74 

2 
2 
l 

32 
20 
20 
30 

6 
90 

130 
30 
40' 
80' 

100' 
16' 

8 
20 
40 
so 
60 

Labor 
Hours 

12 
26 

172 
16 
20 

7 
55 
76 

175 
14 
20 
99 
18 

251 
13 
55 
27 

6 
36 
69 

161 
210 

44 
15 

122 
26 
27 
14 

3 
6 

16 
32 
20 
20 

6 
1 

15 
22 

6 
6 
B 
7 
4 
4 
5 
6 
6 
6 

Material.s 
($) 
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La.bot Material.5 

• Material QEantitz 
I 

.ill!. 
Hours {$) 

I 

r 92. 12" sealtite 
. .,.., 
.i..v 

/;. 
I -

93. Cable tray 12" 200' so 

94. Support racks 24 24 

95. Strut stanchions - ss 54 . 108 
r-

; 
,, . 96. F.A. system - master l 12 

J •, 

,, Stations 4 4 

Detectors 12 ,12 

r Alums 5 5 

Annunc. panel l 8 

97. Ultrasunic level 
,:, 96 g 

- 98. Fed. Em. battery system 4 32 } 99. TM-6 W/PS 300-2C!:T 4 16 

100. Remote horn & beacon 4 8 

101. T.V. monitor - pan type 4 64 

r· 102. Interface to existing 4 32 

103. Tie to A•B instrumentation 1 ... 
104. 2' X 4' layin fixtures 64 64 

105. 2-96" industrial fixtures 35 52 

106. 40W Rapid start wu:m white 260 13 

107. 96" wazm white 70 7 

108. Exit lights w/EMG • b~ttE;%Y 
pa.ck 8 12 

109. Bug-units 18" X 48" 16 32 

e. 110. 4" SQ duplex cover plate 40 30 

111. 4" SQ switch cover plate 
.... 16 •• 

112. SQ & blank 20 10 

113. FS-l Box with plate 18 18 

114. FS-2 Box with plate 12 24 

l. 115. 4" SQ & plt & hanger 150 97 

116. P.A. system - AMP & ties l 16 

117. Ceiling speaker 18 18 

118. Volume control 2 3 

119. Yard speaker 5 20 

120. , .. flex conduit 
Ann• l2 

,. 
..,.., 

121. "2" connector 150 10 

122. "2 EMT conduit 2,200' 77 

123. 3/4" EMT conduit 2,800' 112 

124. 1" EMT conduit 1,800' 90 

125. "2" connector 410 36 

126. 3/4" connector 
i::,in --- 53 

i 
~-

__ ... 
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Material 

i27. i~ connector 
128. 12" ST & anchor 
129. 3/4" ST & anchor 
130. l" ST & anchor 
131. #12 THBN wire 

Subtotal 

Materials 
Labor - hrs@ $27.00,J'l,.r 
overhead@ 10, (material only) 
Profit@ 10, (material only) 

Escalation@ s, 

Quantity 

320 
330 
420 
270 

57,200' 

Main substation Papago Power Inc.• 

\QUOi:.at.J.uu l/31/84) 

Total Cost 

Labor 
Hours 

41 
33 
so 
4,0 

286 

Materials 
($) 

*Proposal and detailed description or system under separate cover 

denoted as Appendix A. 
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• 
Labor Materials 

~ Material Quantity Hours ($) 

~ l. 40 x 90 x 18 3R enelos. 38 608 AB Proposal 

2. 120 x 90 x 18 JR enclos. 4 96 AB Proposal 

3. 80 x 90 x 18 JR enclos. l 20 AB Proposal 

4. Data Biway te::m kit 4 20 AB Proposal 

s. Data Biway conn kit 27 27 AB Pr.oposal 

6. I/D terminations 74 74 AB Proposal 

7. Data Biway RS232 modules 12 48 AB Proposal 

8. Colorgraphic terminals 4 16 AB Proposal. 

9. Intelligent panel 4 8 AB Proposal_ 

10. Ribbon cable mtng kit 12 12 AB Proposal 

11. PC document unit l 4 AB Proposal 

12. Software & cables l 8 AB Proposal 

13. Ma.int· kit l 2 AB Proposal 

':" 
14. Console set & install 1 16 AB Proposal 

15. m processor unit 2 8 AB Proposal 

16. System processor l 4 AB Proposal 

17. Sec. video monitors 3 12 AB Proposal 

18. Sec. tape recorders 3 6 AB Proposal 

19. Term. in sec console 38 9 AB Proposal 

20. Tezm in remote enclos. 1,792 268 AB Proposal 

21. Term in central console 674 101 AB Proposal 

22. Misc. tape , conn , screws , seals 43 344 

23. Equip rental to set enclos. 6 weeks 240 

- and eq. 
24. Trench & back.fill lfl\A. - -::t:.:_ft\ 400 28 

\4'.. A ~\J I 

25. 4• PVC 2,000 250 

26. 4" spacers 400 20 

,. 27. 4" adapters 20 12 

! 
i 28. Tie downs 160 8 

29. Contrete 35 8 

30. Handholes 4 8 

I Roadway cut (asphalt) 180 18 
I 31. 
~- . 32. Asphalt repair 360 10 

. ,. 33 • Rubble remove 3 6 

34. 4" Bells so 30 

35. cable tray 12" 100 25 

36. 4" PVC Sch 80 300 51 

1· 37. 4" PVC SCH 80 EI.B. 20 30 

38. Support racks 26 2~ 

39. 4= strut elamps 60 7 

l 
40. Belden 9429 cable (16-20) 5,700 222 

41. Plywood back board 
'- 4' X 8' X 3/4 4 16 

42. Spacers & supports Lot 32 

43. 111 EMT 
450 22 

- 44. ~ E:M'l' 
500 17 

45. 111 EI.B 
15 6 

46. ~ Coup & conn 120 10 

... l~ Coup & con.Tl 80 12 

- '6 I • 

- ~ 
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Material 

48. ', STR & CB 
49. iii STR & CB 
50. 4" X 6" X 8" SCJB 
51. 4" SQ & cover 
52. #14 THBN Str. 
53. 4" X 6" W.W. 
54. Remove & reinstall following 
55. L&N recorders 
56. L&N integrator 
57. L&N indicator 
58. L&N electroma 
59. L&N remote meter 
60. GE ammeters 
61. Graphic symbols (sm) (new) 
62. Push buttons (new) 
63. Bakelite tags (new) 

64. Graphic symbol (lge) (new) 
65. 16 • display cabinet 14 gauge 

84" BT W/bACk doors 
66. Supply fan 
67. Lighting 
68. L&N recorders 

Model 14l-304-03-L0077-6-A0-
048-l88-0l2-056 

69. L&N analyzer medel 7084=11=208 
L&N·PB electrode 

70. Push button SQD 9001 
71. Graphic symbols (LG) 
72. Graphic symbols (SM) 
73. Graphic trace 
74. Tags 
75. Horns OR Alarm 
76. Transformer 9 KY 

Subtotal 

Materials 
Labor 3784 Hrs@ $27.00/hr 

Overhead@ 10\ (materials only) 
Profit@ 10\ (111aterials only) 
Escalation@ s, (material only) 

*Allen-Bradley quotation 
Allen-Bradl.ey system preparation 

Total Cost 

Quantity 

70 
60 
10 
20 

14,000 
60 

14 
4 
2 
8 
8 
7 

76 
56 
90 
30 

2 
4 
8 

36 
4 

75 
50 

125 
700 
,c,n 
..... w 

4 
l 

Labor 
Hours 

l 
j 

3 
5 

67 
5 

56 
16 

8 
32 
32 
21 
19 
56 
18 
15 

96 
12 
24 

108 
12 

75 
25 
31 

175 
30 

8 
6 

*Proposal under separate cover denoted as Appendix B. 

Materials ,~, 
\~/ 
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A. Water Treatment Plant 

~ Material 

1. 
2 •. 
3. 
4. 

5. 
6. 
7. 

a. 

9. 
10. 
11. 
12. 

13. 
14. 

Control Builcling 70' x 100• x 20' hiqh 
Perimeter fence 250' x 200' x 7' high 
Clarifiers 2-25' diameter by 14' deep 
Backwash collection tank 1-60' diameter 

by 12' deep 
Stripping column/blower pads 
Pump pads, 6 pads 
Sludge holding tank 1-25' diameter 

by 12' deep 
Tanlc fai:m 15' x 30' x 7' high with 

intermediate walls 
Pressure filter pad 65' x 40' x 1a• thick 
Clear well 60' diameter x 9' deep 
Site concrete 250' x 200' x 6" thick 
Carbon adsorption system pad and shed 

62' X 30 1 X: 18• thick 
Intemediate clearwell 55' x 25' x 6' w/cover 
Media washing sump 25' x 9' x 6 • 

•B. Remote Sites 

l. 

2. 

OnlJIIProved roadway 57,000 lineal feet 
X 15 1 wide 

38 remote well sites 
a) Electrical pad 
b) Pmap pads 
c) Perimeter fence 30' x 30' x 7' high 
d) Gates 

3 • G.radi.-:g a.--:d si tewcrk 
4. l 7 Otili ty :buildings (prefab at rec wells l 

Total 

1Includes overhead and profit. 
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RECLAMATION ANO RECHARGE WELLS, SITE AND 

WATER TREATMENT PLANT PIPING 
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A) Reclamation Wells and Piping 

Material 

l. Pipe PVC ring tite 6" ¢ 
2. Pipe PVC ring ti te S- !2l 
3. Pipe PVC ring tite 10" ¢ 
4. Pipe PVC ring tite 12• !2l 
5. Pipe PVC ring tite 14• !2l 
6. Pipe PVC ring tite 16• ¢ 

7. Fittings ring tite ells 6n ~ 

9. 
lO. 
ll. 
12. 

e. Fittings ring tite ells s• ¢ 
Fittings ring tite ells lO" ¢ 

Fittings ring tite ells 12• !2l 
Fittings ring tite ells 14• ¢ 
Fittings ring tite ells 16• !2l 

Fittiftg ri~g tite tees 6" !2l 
Fitting ring tite tees B" !2l 

Fitting ring tite tees lO" ¢ 
Fitting ring tite tees 12" ¢ 
Fitting ring tite tees 14" ¢ 

Fitting ring tite tees 16• !2l 

Fitting flange w/mechanical 

... ... .,. 
14. 
15. 
16. 
17. 
18. 
19. 

20. 
joint 6" 

Fitting flange w/mechanical 

joint e• 
21. Fitting flange w/mechanical 

joint 10• 
22. Fitting flange w/mechanical 

joint 12• 
23. Fitting flange w/mechanical 

joint 16• 

24. Valves check 6" ¢ 
25. Butterfly valves 6" ¢ 
25. Pressure sensors 6" pipe 

27. Valves 6" !2l butterfly 

28. Pressure gauge 0-100 PSI 

29. Temp. gauge 0-100° F 

30. Gate valves galv Stl 1~• 

31. Bell reducers galv Stl. 2• x 1~" 

32. Flowmeters sensors and fittings 

(saddles) 6" ¢ 
33. Flowmeters sensors and fittings 

(saddles) s• !2l 
.34. Flowmeters sensors and fittings 

(saddles) 10" !I! 
35. Flowmeters sensors and fittings 

(saddles) 12" !I! 
36. Flowmeters sensors and fittings 

(saddles) 14" !2l 
37. Pipe copper~• S.J. w/supports 

38. Pipe galv Stl.. l~" ¢ 
w/supports 

~lv Stl. 2" ¢ 

Quantity 

13,800 LF 
11,000 LF 

4,450 LF 
2,000 LF 
1,250 LF 

950 LF 
54 ea 

5 ea 
1 ea 
4 ea 
2 ea 
6 ea 

41 ea 
41 ea 
lea 
3 ea 
2 ea 
3 ea 

314 ea 

lO ea 

6 ea 

4 ea 

2 ea 
17 ea 
17 ea 
17 ea 
68 ea 
17 ea 
17 ea 
17 ea 
17 ea 

Zl ea 

5 ea 

3 ea 

2 ea 

1 ea 
~ Ann T_'li' 
~ ,•uv .....-

8,560 LF 
17,460 LF 

Labor 
($j 

Materials ... , 
\;;, I 
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40. 

41. 

42. 

43. 

44. 

45. 

46. 
47. 
48. 

-
\' .... 

L 

Material 

Fittings galv Stl. th%p 

ells lla:" 
Fittings galv St. t.h:p 

tees lla:" 
Fittings galv Stl. th%p 

unions l•" 
Fittings galv Stl. th%p 

ells 2• 
Fittings galv Stl. th%p 

tees 2" 
Valves check valves llr" 

galv stl. 
Trench 26,725 LF 4' X 3 1 deep 

Backfill 26,775 LF 4' X 3' deep 

Thrust blocking at each turn 

and valve 

Material cost 
Labor cost 
OITerhead@ 10, of material cost 

Profit@ 10\ of material cost 

Escalation@ 5'11 of material cost 

Total cost 
Reclamation wells (12" diameter) 

Total cost 

Labor 

Quantity ($) 

33 ea 723 

2 ea 68 

17 ea 244 

13 ea 324 

11 ...... ea 480 

. 17 ea 270 

20,300 CY 60,900 

20,300 CY 109,600 

~--.-. .>vv -~ .... 

overhead and profit 
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B. Recharge Wells and Piping 

Material 

1. Control valves 6" IZI 
2. PVC ring tite blue brute 

piping 6" Ill 
3. PVC ring tite blue brute 

piping s• Ill 
4. PVC ring tite blue brute 

piping 10• Ill 
5. rvc ring tite blue brute 

piping 12• 1Z1 

6. PVC ring tite blue brute 
piping 14• 1Z1 

7. PVC ring tite blue brute 

piping 16" 1Z1 

8. P"v"C ring tite fittings 
ells 5• ¢ 

9. PVC ring tite fittings 
ells s• ¢ 

10. PVC ring tite fittings 
ells 10• IZI 

11. PVC ring tite fittings 

ells 12" IZI 
12. PVC ring tite fittings 

13. PVC ring tite fittings 

tees 6" IZI 
14. PVC ring·tite fittings 

tees s• IZI 
15. PVC ring tite fittings 

tees 10• ¢ 
16. PVC ring tite fittings 

tees 12• IZI 
17. ?~~ ring tite fittings 

tees 14" IZI 
18. PVC ring tite fittings 

tees 16" ¢ 
19. Mechanical clamp 6" IZI 

20. Mechanical clamp a•¢ 
21. Mac~-"~cal clamp 10" ~ 

22. Mechanical clamp 12" IZI 
23. Valves check 6" IZI steel body 

.24. Copper tubing 1z• S.J. w/supports 

25. Pipe llz" galv Stl. Threaded 

w/supports 
26. Pipe 2" galv Stl. threaded 

w/supports 
27. Fitting galv stl. threaded 

llz" IZI Ells 

Quantity 

21 

22,550 LF 

13,300 LF 

13,100 LF 

1,700 LF 

800 LF 

1,300 I2 

123 ea 

1 ea 

2 ea 

2 ea 

2 ea 

73 ea 

6 ea 

5 ea 

3 ea 

lea 

2 ea 
424 ea 

10 ea 
4 ea 
8 ea 

21 ea 
4,200 LF 

12,840 LF 

26,180 LF 

51 ea 

Labor 
($) 

Materials 
($) 
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Labor Materials 

• ~ Material Quantity ($) ($) 

28. Fitting qalv stl. threaded 
11r• 121 Tees 2 ea 

29. Fitting galv stl. threaded 

11r• 121 Unions 21 ea 

30. Fitting galv stl. threaded 

2" flJ Ells 20 ea 

31. Fitting galv stl. threaded 
,- 2" flJ Tees 16 ea 

32. Valves check stl body lii" 

threaded 
... ...... ea 

33. Pressure sensors 6" fll 21 ea 

34. Butterfly valve 6" !I) flanged 105 ea 

35. Pressure gauge 0-250 psig 21 ea 

~- 36. Temperature gauge 9• 21 ea 

37. Gate valves galv stl. llr" 

threaded 
.,, ...... ea 

38. Bell reducers galv stl. 
2" X lii" 21 ea 

39. Plug PVC 6" fll ring tite 21 ea 

40. Flow meters sensors, fittings 

6" !I) 
23 ea 

41. Flow meters sensors, fittings 

8" 121 
5 ea 

e. 42. Flow meters sensors, fittings 

10" !I) 
., a& .. 

43. Flow meters sensors, fittings 

12• !I) 
4 ea 

44. Trench 40,160 LF S' wide 
3' deep, 21,000 

45. Backfill and grade· 4' wide 

X 3' deep 21,000 

46. Thrust blocking at each turn 

and valve 320 ea 

Material cost 
Labor cost 
overhead@ 10, of material cost 

Profit@ 10\ of material cost 

Escalation @ 51 of material cost. 

- Sub total 

42. Recharge wells (21) 
, __ 

21 x ll,400 • 

Total 

-/ 
~ 
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C) Water Treatment Plant Piping 

Item Material -
l. Water line black steel 16• 

!II welded 
2. Water line black steel 12" 

!II welded 
3. Water line black steel 10" 

!II welded 
4. Water line black steel 4• 

Ill welded 
S. Water line black steel 2" 

!II threaded 
6. Water line black steel 1• 

!II threaded 
7. Polymer CPVC pipe i,• !II 

8. Polymer CPVC pipe 1 !II 
9. Fittings B/S 16" welded Ell 

10. Fittings B/S 12• welded Ell 

ll. Fittings B/S 10• welded Ell 

12. Fittings B/S 4• welded Ell 

13. Fittings B/S 2• threaded Ell 

14. Fittings B/S 1• threaded Ell 

15. Fittings B/S 16 welded Tee 

16. Fittings B/S 12 welded Tee 

17. Fittings B/S 10 welded Tee 

18. Fittings B/S 4 welded Tee 

19. Fittings B/S 2" threaded Tee 

20. Fittings B/S·1• threaded Tee 

21. Fittings B/S 2• Ill threaded union 

22. Valves flanged 16• butterfly 

23. Valves flanged 12• butterfly 

24. Valves flanged 10" butterfly 

25. Valves flanged 4" butterfly 

26. Valves threaded 2• gate 

27. Flanges welded w/gaskets & 

boltups 16" Ill 
28. Flanges welded w/gaskets & 

boltups 12• !II 
29. Flanges welded w/gaskets & 

boltups 10• !II 
30. Flanges welded w/gaskets & 

boltups 4" !II 
31. Air line galv steel 2• Ill 

. 32. Fittings galv steel 2• Ill 

threaded ell 
33. Fittings galv steel 2• ¢ 

threaded tee 

34. Valves 2• gate stl. 

35. Fittings CPVC I," Ell 

Quantity 

400 LF 

300 LF 

250 LF 

1,350 LF 

200 LF 

200 LF 
240 LF 
280 LF 

47 ea 
4S ea 
30 ea 
78 ea 

9 ea 
Sea 

20 ea 
15 ea 
14 ea 
47 ea 

7 ea 
1 ea 
8 ea 

10 
15 
20 
40 

2 ea 

88 ea 

64 ea 

100 ea 

294 ea 
180 LF 

12 ea 

13 ea 
1S ea 
15 ea 

Labor 
CS) 

Materials• 
CS) 
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Material 

36. Fittings CPVC ~• Tees 
37. Fittings CPVC l" Ells 
38. Fittings CPVC l" Tees 
39. Valves gate i,• CPVC socket weld 
40. Valves gate CPVC socket weld 
il.l. Chlorine piping black stl. 

threaded I,"~ 
42. NAOB piping (CPVC socket weld 

1• !IJ . 
43. Feso4 piping-(~) socked weld 

l" Ill 
44. Fitting chlorine piping i,• 

45. Fitting NaOB CPVC 1" Ells 
46. Fitting NaOB CPVC l" Tees 
47. Fittings Feso

4 
piping C?VC Ells 

l" !IJ 
48. Fittings Feso4 piping CPVC Tees 

1" fij 

49. Valves gate CPVC 
so. Butterfly control valves 16" 

flanged 
51. Butterfly control valves 12" 

flanged 
52. Butterfly control valves 10• 

flanged 
53. Butterfly control valves 4" 

flanged 
54.· Butterfly control valves 2" 

· threaded 
55. Butterfly control valves l" 

threaded 
56. Butterfly control valves~• 

threaded 
57. Flow meters/sensors/saddles/ 

housing 16" 
58. Flow meters/sensors/saddles/ 

housing 12" 
59. Flow meters/sensors/saddles/ 

housing 10" 
60, Flow meters/sensors/saddles/ 

'lriri""',a.;f'llln A• -----•':,' ---
. 61. Flow meters/sensors/saddles 

housings 2• 
62. Flow'meters/sensors/saddles 

housings l" 
63. Flow meters/sensors/saddles 

Quantity 

11 ea 
14 ea 

3 ea 
16 ea 

3 ea 

320 LF 

120 LF 

140 LF 

9 e~ 
14 ea 

2 ea 

11 ea 

2 ea 
a ea 

6 

3 

4 

4 

4 

2 

2 

6 

3 

3 

7 

2 ea 

2 

Labor 
($) 

Materials 
($) 
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Material 

64. Safety check valves flanged 10" 
65. Safety check valves flanged 4" 
66 •. Safety check valves threaded 2" 
67. Safety check valves threaded 1• 
68. Bell reducers welded 16" 
69. Bell reducers welded 12" 
70. Bell reducers welded 4" 
71. Bell reducers threaded 2" 
72. Bell reducers threaded 1" 
73. Flex connections 16• !1J 

74. Flex connections 10• !1J 

75. Flex connections 4• !1J 

76. Fle..,c ~onn .. efciona .:z• f 
77. Flex connections l" 11J 

78. In line stainless stl mixers 
79. Pressure sensors 
80. Temperature sensors 
81. Blind flanges/gaskets/boltup 4" 
62. cap 2w stl pipe 
83. Flow measuring devices 2• 121 

84 •. Control valves butterfly 2" 11.1 

83. Pressure sensors 2~ ~ 
86. Flex connections 2" 11.1 

87. Bell reducers 2• 121 

88. 30" 121 Ductwork 
89. 48" 11.1 Ductwork 
90. 6" 121 PVC piping 
91. 6" 121 Valves 
92. 2" 121 PVC piping 

Material cost 
Labor cost 
overhead@ 10, of material cost 
Profit@ 10, of material cost 
Escalation@ 5\ of material cost 

Total cost 

Quantity 

3 
14 

2 ea 
2 ea 

23 ea 
1 ea 

16 ea 
4 ea 
4 ea 
8 ea 
8 ea 

14 ea 
4 ea 
4 ea 
4 ea 

30 ea 
4 ea 
4 ea 
2 ea 
4 ea 
4 ea 
... ea • 
lea 
lea 

25 LF 
125 LF 
600 LF 

12 ea 
250 LF 

Labor 
($l 

Materials 
($) 
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Treatment Plant 

Material 

l. Packed column & media 
2. Reeessed plate filter p~ess 

package 
3. Pressure filters 
4. Blowers 
S. Intermediate pumps 
6. Transfer pumps 
7. Clarifier feed pumps 
8. Sludge transfer pumps 
9. Filter press feed pumps 

10. Compressor 
11. Mixers 
12. Clarifier mechanism 
13. Polymer makeup, storage & 

feeding system package 
14. caustic storage tank 
1S. caustic feed pumps 
16. Ferrous sulfate feed pumps 
17. Acid storage tank 
18. Acid transfer pumps 
19. Acid metering pumps 
20. Acid cleaning recirculation 

pump 
21. Chlorination equip. include 

analyzer & controller 
22. cartridge filters 
23. Building sump pump 
24. pH probe indicator/ccntroller 
25. carbon adsorbers 
26. Package boilers 
2i. Fuel oil stcraqe tarJc 
28. Analytical equipment (GC) 

Material cost 
Labor cost 
overhead@ 10, of material cost 
Profit@ 10\ of material cost 
Escalation@ St of material cost 

Total 

~ I 11'-1 ,,._ 

Quantity 

6 

2 
4 
6 
3 
7 
2 
2 
2 
1 
6 
2 

2 
1 
3 
2 
1 
2 

2 

2 
2 
2 
2 
2 
1 

Material.s 
($) 

Labor 
($) 
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Power 

Chemicals 

FIRST YEAR 
OPEltA'rJ:ON AND MAINTENANCE 
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COMMUNITY RELATIONS PLAN 
TUCSON AIRPORT SITE 

TUCSON, A1UZONA. 

1.0 SITE BACKGROUND 

The Tucson Airport Area site eovers approximately 24 scr~are 
miles, and.is located in the southwestern section of Tucson 
in Pima County. It e~compasses the Tucson International 
Ai .-pc~; Fh,gh,.,. Ai ,-,-,-a i'-t- C"l"lfflP"'"Y ;:,.'"i l i t-_y; pni--t-inn"' ni' -t-h,,. 

San Xavier Indian Reservation and residential areas of South 
Tucson west of the airport. Ground water contaminated with 
organic and metallic compounds, primarily trichloroethylene 
(TCE) and hexavalent chromium, has been -discovered at-the 
site. 

The ground water underlying the Tucson Airport Area site is 
part of the Tucson Basin, a major aquifer system in the 
area. The City of Tucson uses this aquifer as its principal 
source of water supply. The Tucson area, with a population 
of 517,000, is one of the largest metropolitan areas in the 
country totally dependent on ground water for its drinking 
water supply. 

Ground water contamination in the vicinity of the Tucson 
Airport was discovered in March 1981 by an EPA Field Inves
tigation Team (FIT) during an Uncontrolled Hazardous Waste 
Site Investigation of Hughes Aircraft (AFP-44). The Hughes 
site was selected for review as a result of the Arizona Sur
face Impoundment Assessment which was conducted by the Ari
zona Department of Health Services and published in December, 
1979. Initial well water samples had shown concentrations 
of TCE ranging from 0,3 parts per billion (ppb) to 4,600 ppb. 
A later report put the TCE level as high as 13,000 ppb. 
Other pollutants detected included TCA (trichloroethane), 
OeE fdichloroethylene;, and hexavalent chromium. 

Based upon data available to date, Los Reales Road has been 
designated as ~~e northern most boundary of the contaminant 
plume emanating from the Hughes Aircraft Company facility, 
also known as Air Force Plant #44. This facility is owned 
by ~nP n-~- Air Fnr~P aMn ~pei-ated by Bughe"' Air~raft Company. 
The Air Force is conducting remedial activities in accor
dance with its Installation Restoration Program (IRP). A 
Memorandum of Agreement (MOA) i9 currently being negotiated 
between EPA, the State of Arizona and the City of Tucson, 
and the Air Force and Hughes Aircraft Company (HAC) to spec
ify responsibilities and activities of each party for reme
dial investigation and cleanup south of Los Reaies Road. 

Superfund remedial activities will occur north of Los Reales 
Road and will be conducted by the State of Arizona through a 
Cooperative Agreement or by any private parties found to be 
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responsible fer the contamination. Work may be performed 
outside t.~e stipulated area as necessaey to define the con
tamination sources and its migration. 

The land Yse in the nonresidential cart of the area is medium 
and heavy industrial manufacturing: Between -19 4 0 and 19 60 -
the primary industry in the area was aircraft manufacturing 
and retrofitting. The hazardous substances that were and 
continue tp be generated in the area, pr~rily by aircraft 
industries, include heavy metals (copper, nickel, chromium, 
zinc, cadmium, and lead), solvents (TCE l,l dichloroethylene 
(DCE) and l, l, l, trichloroethane (TCA) ) , and oils and 
paints. Although the present industries currently reclaim 
or treat most waste, disposal in unlined holding ponds or 
pits was a common practice in the past. The total volume of 
wastes disposed of in this manner cannot be accurately 
estimated. 

From March 1981 through the present, the EPA, State, and 
City have conducted an investigation to determine the extent 
and sourees of ground water contamination in both the north
ern and southern portions of the site. The investigation 
has included a well inventory, a well sampling program, and 
requests sent under Section 3007 of RCRA for information on 
solvent use and disposal • 

Because the initial evidence of ground water contamination 
was found on and near the Hughes facility, most of the in
vestigation has been concentrated south of Los Reales Road. 
This has included surface and subsurface soil sampling and 
the construction of five (5) monitoring wells. In addition, 
Hargis and Montgomery, Inc., a hydrogeological consultant to 
Bugbes Aircraft and the Air Force, conducted an investigation 
of the subsurface conditions ·at the Hughes facility. Hargis 
and Montgomery also conducted solute transport modeling to 
estimate the extent of the contamination emanating from the 
facility. The primary conclusions of these investigations 
is that the facility is a major source of ground water contam
ination and that the extent of the contamination reaches 
northwesterly to Los Reales Road. 

The EPA, State, and City investigation of the area north of 
Les Reales P.oad has found 30 wells that are contaminated 
with TCE at concentrations ranging from 0.3 ppb to greater 
than 400 ppb. Six municipal and six private wells have con
centrations that exceed 5 ppb, the State Action Level. BO'.'11-
ever, the ~xtent and sources of contamination are as yet 
unknown. Six (6) more monitoring wells have recently been 
constructed, five (5) of which will be dedicated to finding 
sources north of Los Reales Road. Bowever, because of the 
large area involved, a Remedial Investigation is needed to 
complete the investigation and to identify the. sources and 
extent of the contamination north of Los Reales Road • 
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A review of tests and records seems to indicate that the 
contaminants are a result of disposal practices that oc
curred 20 or 30 years ago (ADHS News Release 8/2/82). The 
only responsible parties identified to.date for areas south 
of Los Reales Road are Hughes Aircraft a.nd the Air Force. 

The current MCA will specify the responsibilities and activi
ties of each of the parties through all phases of remedial 
actions south of Los Reales Road. Should additional informa
tion indicate that the federally caused portion of the con
tamination extends farther north than Los Reales Road,· the 
site will be reevaluated through a process established in 
the MCA. 

EPA Region 9 initiated enforcement activities for those areas 
north of Los Reales Road by sending RCRA Section 3007 and 
CERCLA Section 104 letters to 22 companies in the northern 
portion of the site. Responses to these letters have been 
referred to FIT for further analysis and/or site inspections. 
Based on the review of the responses, site inspection reports, 
and the results of the remedial investigation, Notice Letters 
will be sent to those companies determined to be potential 
responsible parties • 

2.0 COMMUNITY RELATIONS ASSESSMENT 

2.1 History of Community Reiations Activities 

Since the initial detection of TCE in wells near the Tucson 
Airport, press and other media coverage has been fairly regu
lar. The Arizona Daily Star and the Tucson Citizen have 
carried numerous articles and editorials on the TCE situa
tion. When new areas or levels of contamination have been 
detected, the press coverage has been extensive. As moni
toring efforts produce routine findings, and if no new areas 
of contamination are detected, the press coverage usually 
decreases. Television coverage appears to have been good, 
and is often cyclical in approach as with the newspapers. 
Generally, both government and citizen representatives feel 
that the media has been and could continue to be t.~e most 
effective vehicle for public information. Interviewees feel 
that the local media has done a good job of describing the 
technical issues and facts. 

One formal public meeting has been held to discuss the Tucson 
Airport Area TCE problem. That meeting was held in City 
Hall, Tucson, on September 30, 1982. Approximately 20 citi
zens and an equal number of government representatives (local, 
state, and Federal) attended. Most of the people interviewed 
during this assessment felt that the media coverage of the 
meeting was very good. They expressed the opinion that in 
some instances good media reporting could be as, or more, 
effective in reaching the public, than a public meeting. 
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The Arizona Department of Health Services held an additional 
public meeting on April 20, 1983. The meeting was attended 
by about 20-30 people who asked a variety of questions. 

Several other meetings with legislative committees, health 
organizations, and county agencies have been open to the 
public, with little public attendance. In addition, ADHS 
has conducted numerous briefings for the mayor and City 
Council of Tucson and the Pima County Board of Supervisors. 

CHRONOLOGY OF COMMUNITY RELATIONS FOR TUCSON AIRPORT SITE 

Date: 
Activity: 
Agency: 
Content: 

Date: 
Activity: 
Agency: 
Content: 

Date: 
Activity: 
Agency: 
Content: 

Date: 
Activity: 
Agency: 
Content: 

Date: 
Activity: 
Agency: 
Content: 

Date: 
Activity: 
Agency: 
Content: 

Date: 
AC!tivity: 
Agency: 
Content: 

PD224.024 

5/15/81 
News Release to press 
ADHS 
Issued initial TCE findings. Announced meeting to 
be held with City, Hughes Aircraft. 

7/2/81 
News Release 
ADHS 
EPA confiniation of TCE findings. City wells shut 
down. Monitoring program initiated. 

8/13/81 
New Release 
AOHS 
Public update on sampling results. 

9/10/81 
Informal News Release (by telephone contact) 
ADHS 
Sampling Results 

11/2/81 
Information News Release (by telephone contact) 
ADHS 
Sampling Results 

4/23/82 
Informal News Release (by telephone contact) 
ADHS 
Sampling Results 

8/2/82 
News Release 
AOHS 
Study findings indicate TCE contamination is re
sult of historical activities, not ongoing acti
vities. 

4 
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Date: 
Activity: 
Agency: 
Content: 

Date: 
Activity: 
Agency: 
Content: 

Date: 
Activity: 
Agency: 
Content: 

Date: 
Activity: 
Agency: 
Content: 

Date: 
Activity: 

,; .... 

8/9/82 
News Release 
ADBS 
Working committee established with all parties 
represented. Memoranda of Agreement discussed. 
Superfund/CERCLA/OOD roles discussed. Programming 
P:..ans. 

9/2/82 
News Release 
ADBS 
Air Force activities in investigations announced. 

9/30/82 
Public Meeting 
Mayor's Office, City of Tucson 
Twenty members of public, numerous agencies 
valved. 

2/4/83 
New Release 
ADES 

in-

EPA approved $895,000 (Superfundl for Remedial 
Investigations and Remedial Feasibility Studies. 

Continuous 
News telecasts and newspaper articles have oc
curred somewhat regularly throughout this time 
frame. 

During March 1983, the Arizona Department of Health Services 
established a toll free number in Tucson to answer questions 
concerning the site. The number was available over a weekend 
and 18. to 20 telephone· calls were logged. (Some constraints 
in the taping process may have affected the number of tele
phone calls that were recorded,) The issues identified dur
ing those telephone calls are listed in the following section. 
Since that time a few letters have been received from local 
interest groups. These letters are also discussed below. 

2.2 Community Relations Issues and Actors 

The attached Table l lists the individuals, agencies, and 
groups that were interviewed during the preparation of this 
Community Relations Plan. It also includes a summary of 
their comments. 
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Table l 

rucSON AIRPORT CRP INTl!RYIEWS SUHHARY 

TOPIC AREA:S 

IIHTER
'IIIEIIEES 

PUBLIC 
UNDER
STANDING 

PUBLIC NEEDS 

PUBLIC 
IIUTINGS 

PRESS/HEDI A 
001/ERAGE 

BEST CONDUITS 
FOR INFORHATION 
DISBURSElllffl 
(CREIIIBILIITY) 

SUGGESTED 
ACTIONS 

PD904.086,l 

ADIIS 
P. lllelka 
R. Gentry 
J. Dyckatra 

S011ewhat 
confused, 

Coordinated 
Info. lasuence. 
lnforaatlon 
center. 
Info, papers. 

Hot ■uccees· 
ful to date, 
Try 11ore·. 
~eep low key. 

ADIIS been 
attacked, 
Not conalatent, 
Sollle lnaccu
raclea, 

ADIIS (■aybe 
reg. office) 
Tucson Water 
Policy C011111lt
tee (exlatlng). 

Controlled 
dlaburee■ent. 

Info, center. 
Neva letter ■, 
Prus briefing, 

State Senator 
J, Mawhinney 
Asalat, HaJ. 
Leader 

111-lnfonned 
and confused. 
See little 
action, Iota 
of study, 

Education. 

Too 1en1a· 
tlonal. 

ADIIS o,k, 
but Internal 
proble■s. 
City beat. 

Educate pub
lic. Co 
beyond TCI!. 
£st. city 
ee center. 

State Senator 
G. Lunn 
Drafter, State 
Superfund 11111 

Confused. 
Don't under
atand "health 
laauea. 11 

Better Info, 
dlabunellll!nt. 

Only good 
for preaa 
coverage. 

Too aen■a
t lanai. 

ADIIS and 
city. 
City 1110at 
(u,portant 
locally. 

One eource 
for Info, 
Better coord, 
with clty/ADHS 
tklre Info. 
out. 

City of Tucaon 
T. Jefh,reon,W.D. 
r. J. HarrlBon 
Aaalst. Atty. 

Not too well 
lnfonnecl. 
Concern11 are 
aoatly llndlvl
duallatllc, 

Hore lnlfo. 
on heallth, 
lnformalllon 
11al ling. 

No ■ore unt ll 
have prnducta 
to d lac1ua a, 

Too eenaa
t Iona I. 

City, ADIIS 
too, but "out-
alder." 
W•ter Dept, 

Hnre education, 
Hallln1:1 with 
veter bill•. 
Better tech. 
lnfor■aitlon. 

Governor'• Office 
T. Hll ton-Codldard 
Staff to 
lledth/1\icaon 

Yea on TC£. 
Nut on what 
la be Ina don., • 

Better Info. 
One aource 
for Info. 

Not aood, 
Hedla dla
burse■ent 
better. 

Coad, 
Shau Id be t1<11re 
Involved, 

AllllS and 
city. 
City beat, 

Info. center 
Phone line 
Repoeltory 
Hore Info. 
Dlsburee via 
Tucson. 

Ariz. Dally Star 
Jane lay 
"lead" Reporter 
Onalte 

Generally 
o.k. Hot 
enough Info. 
out. 

lletter Info. 
on what, 
where, llhen, 
how. 

Not that 
beneficial. 

Hard to ae:t 
aood Info. 
Too aany 
source ■ ~ 

ADIIS and 
1\iceon \later, 
Tucaon llal:er 
very credllble. 

l!atablhh 100d 
tech. conltacta 
for pub I le: • 
Hedla worll8hop, 
TV proare"•· 

Sierra Club 
Alex Dely 
Aho PlttA 
Adv. eo..a, 

Confused. 
In dark. 

Hore Info. 
lletter under
ltandlng of 
lasuea, 

Not that 
helpful. 

Accurate. 
Should have 
better acceee 
to data, 

A central 
technical 
coaolttee of 
clthena and 
of university. 

Hewe letter. 
Repoeltory. 
Phone line, 
IV progra■a. 

4~lenn n,.,.paon 
IProf, of llydrol-. 
l>IY p Un lvere lty 
1>f Arhona 

!Little under-
11tandlng. 

IMucatlon, Hore 
llnvolveo,ent In 
1~roceaa. 

l~ot effective. 
l!ledla coverage 
better. 

,Accurate ·•nd 
,good. 

ADHS and 
city voter. 
City vatt,r 
beat,. Host 
credible. 

Hore public 
lnvolve..,nt. 
Info. aheeu. 

•• 

.. 

~ 
CD 
CJ") 
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Past community relations activities have responded to commun
ity problems or public concerns as they arose. Information 
has been disseminated through a variety of sources, which at 
times has been confusing to the general public. Interviewees 
did not feel that the health issues were generally understood. 
In general, the detected TCE levels appear to concern t~ose 
people who live in the immediate area of contamination, but 
do not appear to openly concern the general Tucson population. 

Interviewees felt that the public does not perceive much 
difference between the site north of Los Reales Road (Super
fund area) and south of Los Reales Road (Air Force Plant 
#44). The public has little understanding of the Air Force's 
response to the situation. EPA is perceived as the source 
for guidance and funding, but is perceived as being slow to 
act. EPA is also expected to generate response and coopera
tion from the Air Force, which some interviewees felt has 
been lacking to date. 

The Arizona Department of Health Services is the most visible 
entity in the program, and has maintained good credibility 
on most accounts. However, they lack a local presence in 
Tucson. 

The Tucson Water Department appears to be maintaining qeod 
credibility. Because of their local presence they may be in 
a favorable position to assist ADHS in future cormnunity rela
tions activities. 

Issues raised .during local interviews, telephone response to 
the toll free number and recent letters are swmnarized below. 

Primary Issues 

• Bealth effects of TCE - at what level(s) does TCE 
become a health hazard? What are the long term 
impacts of exposure? · (Interviews, telephone re
sponse.) 

• What is the extent of the TCE and other contamin-
21Pi+-r ;,.. +-ha '""',...,...,,..'"~ bl"::l~D'P' C!t'IPll1"'\lu? WJ,,c,-o, ::t..,.c 1-hav -· ... - -· -·- '"='---··- ----- --t""~-.z. ····--- --- -•-.z moving, and how can they be treated? (Interviews, 
telephone response.) 

• Since the source of contamination appears to be 
primarily through long term soil leaching, how can 
the extent of (possible) contamination be deter
mined and how can it be cleaned up before seepage 
reaches the ground water? Could this be just the 
beginning of a long series of contaminations reach
ing the ground water? Bow can the contaminated 
soil areas be identified, and how can they be 
cleaned up? !Interviews.) 

PD904,085 6 
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Secondary Issues 

• What are the possible 
business development, 
gional/national image? 

long-term impacts to Tucson 
growth planning, · and re-

( Interviews.) 

• 

• 

Can the Air Force be held responsible for all that 
they should be responsible for, given the apparent 
autonomy they have regarding CERCLA? Why isn't 
Hughes Aircraft held responsible for these activi
ties when they reaped the benefits (profits) of 
the activities. Who is responsible for all sources 
of the contamination? (Interviews and telephone 
response.) 

Can TCE move through the food chain if it occurs 
in water used for cropland or livestock irrigation? 
(Telephone response.) 

• If private well contamination requires hookup to 
the city water system, who is responsible for pay
ing for the hookup? (Telephone response.) 

Recent letters from the League of Women Voters and the South
west Environmental Services have requested information on 
project status, cleanup methods, sources of contamination, 
cleanup cost and funding. 

3.0 COMMUNITY RELATIONS OBJECTIVES AND TECHNIQUES 

3.1 Community Relations Objectives 

The community Relations Plan will be implemented by the Ari
zona Department of Health Services, with assistance from 
U.S. EPA Region 9. The following list of objectives are 
intended to guide the community relations activities that 
occur at the Tucson Airport Site. It is important that both 
community relations and technical personnel remain sensitive 
to changing community conditions which may require a change 
in community relations strategy. 

l • Heighten the general public knowledge of the issues and 
problems related to the site. The general consensus of 
those interviewed, as demonstrated by public comments 
and inquiries received by state senators and the Tucson 
Water Department, is that the public has not been well
informP.d in the past. Appropriate means to provide 
better information and raise the level of public under
standing should be implemented. 

P0904,085 7 
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2. Provide consistent, well-organized, and understandable 

information to the public. Public confusion is partially 
,. ,-~,im1t n~ ~h,:, pnhi;,-,.~;nn n~ ~,:,r-hn;,-,., ;n~n,...,,,.~;,.,,., 

that has been misinterpreted. When highly technical 
data are used, information should be "decoded" in a . 
technically accurate manner and then distributed through 
a consistent and credible source. 

3. Provide regular updates of the overall program to give 
confidence to the public that the problem is being fully 
pursued. There is some public perception that the clean
up of the ground water is hopeless and that nothing can 
be done. 

499 

4. Provide the media with timely, detailed, accurate infor
mation on a regular basis throughout the Remedial Investi
gation/Feasibility Study. The media provides an effective 
source of public information in the Tucson area. 

5. Provide local residents and local and state officials 
with the opportunity to comment on remedial action alter
natives identified during the feasibility study, prior 
to final selection of a remedy. A 3-week comment period 
will be provided for public review of the feasibility 
study. 

6. Maintain an ongoing awareness of community concerns and 
information needs, and modify this community relations 
plan as necessary to reflect required changes. 

7. Clearly describe the roles and responsibilities of the 
participating Federal and State agencies. 

8. Provide a data repository in Tucson where appropriate 
documents, reports and related information will be avail
able for public use. 

9. Provide the public with clear information on the sepa
rate activities at the Tucson Airport and Air Force 
Plant #44 sites. 

3.2 Co!ffl!!u~ity Rel~tions Techniaues 

l. Establish Tucson field investigation coordination office 
and information repository. 

Information distribution must be consistent, accurate 
and readily accessible to the public. · To accomplish 
this, the Arizona Department of Bealth Services (lead 
agency for site cleanup and community relations) will 
establish a Tucson field investigation coordination 
office. The T"~cson office will also ac~ as a ~epository 
for gen~ral and technical information concerning the 
site. 
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An announcement will be made of the office's opening. A 
press release and radio public service announcement will be 
distributed. TCE Update will include an article on the 
office's function and resources. 

2. Prepare teehnieal data for public distribution. 

5i)O 

Technical data will be summarized for public review. 
Tucson area public interest groups have a history of 
involvement in water issues and thus can be expected to 
desire access to technical information. Well written 
report s·w1U1tdries, including technical expl~..,_ations, 
will be prepared to allow meaningful public review. 

A Data summari@s and report~ wi.J1 b ... .-,ndl•h1"' i',..,
public review at the Tucson field investigation 
coordination office and the ADHS office in Phoenix. 

3. Distribute regular newsletters. 

TCE Update, a newsletter, will be mailed to affected 
and/or interested groups ·or persons every 2 to 4 months. 
This will provide a regular source of information on 
the progress of the program. The fact sheets outlined 
below may be a major source of information for the TCE 
Updates. -

Copies of the TCE Update wi.1..1. ce. available at the 
Tucson field investigation coordination office and the 
ADHS office in Phoenix. 

4. Establish a telephone information line. 

A telephone information number will be published to 
provide the public with a central contact point.· This 
information telephone will be located at the Tucson 
field investigation office. Periodic radio announcements 
will publicize the telephone information line numl:)er 
and all reports and newsletters will include the number. 

5. Assist with media programs to educate and inform area 
residents. 

Most individuals interviewed during ·the preparation of 
this assessment feel that the local media has fairly 
represented information concerning the site. ADES and 
the City of Tucson will continue to assist local televi
sion and newspapers with public education programs in
cluding coverage of the issues, studies and results. 
Local television stat-ions have expressed i:riterest in 
such programming and one station recently scheduled a 
series on statewide ground water contamination. ADHS 
will contact local media to determine the type of infor-
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mation that will be useful and will encourage public 
education programs on the TCE issue. - ADHS will assist 
local media with these programs, but will not have suffi
cient staff resources to produce special programs. 
Educating press staff on the technical issues will allow 
clearer coverage of upcoming activities. ADHS and the 
City of Tucson will work closely with the media, to 
maximize the opportunity to increase community under
standing. 

Public meetings. 

Public meetings have not been viewed as an effective 
community relations technique in Tucson. Attendance 
has been poor, and meetings -are not considered an ef
fective means to reach the general public by those in
terviewed. If public interest warrants, however, pub
lic meetings may occur at selected times when substan
tial data or issues can be discussed. Properly adver
tised and presented, they may be a bene·ficial public 
information tool. A public meeting in the immediate 
area of the Tucson Airport may be appropriate at the 
conclusion of the remedial investigation. The need for 
public meetings will be gaged as the Remedial Investiqa
tion proceeds. If study results show significant con
tamination, public interest may increase substantially. 
The need for further public meetings will be carefully 
~eviewed once the Remedial Investigation has been com
pleted. A public meeting to accept comments on the 
Feasibility Study may be a~propriate toward the end of 
the 3-week comment period on that.document. 

Briefings of local officials. 

The Tucson Airport Area Site Policy and Technical Com
mittees include representatives from ADHS, EPA Region 9, 
the City of Tucson, o.s. Air Force, and Arizona Depart
ment of Water Resources. ADHS will inform these indi
viduals of upcoming activities and study results by 
mail or telephone calls. State legislators, including 
Senator J. Mawhinney and Senator G. Lunn, have expressed 
interest in this site. They will be regularly briefed 
on the progress of site activities. 

Press releases and briefings. 

Press releases will be prepared at appropriate times 
throughout remedial activities. Press briefings will 
be prepared when significant findings occur. At a 
minimum, press releases will occur at the following 
times: 
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• 

• • 
At the outset of the Remedial Investigation to 
identify the work to be done and when results are 
expected to be available. 

At the completion of the Remedial Investigation, 
or whenever significant test or study results are 
available. 

• At the completion of the Feasibility Study to iden
·tify alternative remedial ations. 

• Throughout the Remedial Investigation/Feasibility 
Study to announce public meetings, activities (such 
as the location of the information office) , or 
other activities of note. 

Fact sheets. 

Fact sheets will be prepared as appropriate and will 
provide more detailed data and analysis than can be 
included in a press release or other information source. 
The preparation of fact sheets is discretionary and is 
largely dependent on the complexity of the data to be 
presented. ADHS will prepare and distribute fact sheets 
to accompany each of the press ·releases outlined above 
as appropriate. Fact sheets will be available at the 
Tucson field investigation coordination office and may 
serve as the major source for newsletter articles. 

Telephone survey. 

A recent telephone survey was extremely useful in deter
mining public awareness and concerns. Additional sur
veys will be held at selected times in the study pro
cess to again gage the level of public concern. Three 
such surveys will occur over the Remedial Investiga
tion/Feasibility Study time frame. 

Mailing list. 

ADHS will prepare a mailing and distribution list for 
the TCE Update, fact sheets, press releases and other 
information documents. A distribution list for report 
copies will also be prepared. Regular updates of these 
mailing and distribution lists will occur. 

12. C0111111unity discussions. 

Community· discussions will take place as new groups and 
organizations emerge showing interest a.nd/or concern 
with site activities. 

PD904.085 11 
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14. 

• • 
Community relations plan review and update. 

This community relations plan will be carefully re
viewed each quarter and revised as appropriate. Spe-· 
cial attention will be directed at the community rela
tions activities schedule. Appropriate revisions will 
be made. 

Public comment. 

503 

ADHS will actively seek public cormnent on the Feasibility 
study. Press releases, TCE Oodate, and radio announcements 
will notify the public of the report's availability two 
weeks prior to the comment period. A public meeting 
will be held at the onset of the 3-week public comment 
period • 

4.0 PERSONNEL ALLOCATION 

The following personnel allocations are based on the tech
niques described in the previous section. A 12-month time 
frame for the Remedial Investigation/Feasibility Study has 
been·assumed. Personnel allocations for each task are out
lined below. Budget information is contained in the follow
ing section. Personnel allocations and budgets are limited 
to tasks to be completed by the community relations special
ist, and graphics support. The project manager's time for 
review, local·briefings, and public meeting attendance, as 
well as clerical support, have been included in the tech
nical program budget. 

l. 

2. 

Establish Tucson field investigation coordination office 
and information repository. 

The Tucson field investigation coordination office will 
be established within the technical program budget. It 
is expected that the field office secretary will spend 
approximately 1 hour per week responding to public phone 
calls and operating the information repository. It is 
expected that the community relations specialist will 
spend an average of 4.5 hours per week answering general 
phone calls and coordinating community relations 
activities. 

community Relations Specialist 
4.5 hrs per week x 52 weeks 

Prepare technical data for distribution. 

234 hrs 

Summaries of technical data will be .prepared at the 
conclusion of the Remedial Investigation and Feasibility 
Study phases. A two- to three-page executive summary 
is expected. It is also assumed that a minimum of one 

PD904.085 12 
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6. 

• • 
test result summary will also be prepared. This is a 
total of three technical swnmaries over the 12-month 
project. 

Community Relations Specialist 
16 hrs each summary x 3 

Graphics support 
2 ··hrs each summary_ x 3 

Distribute TCE Updates. 

48 hrs 

6 hrs 

Currently, TCJ;: Update n,:,w,:: l ,ar.t,:,.-,::. a.-.. t'!; ,::,t-.,-; bn-t-Pt'I every 
2 to 4 months. It is expected that four to six~ 
Updates will be distributed during the R!/FS. 

Community Relations Specialist 
9 hrs each x 4 

Establish telephone information line. 

36 hrs 

The telephone information line will be located at the 
field investigation coordination office. The cost of 
that telephone line is included in the technical program 
budget. Costs associated with public inquiries have 
been ineluded in Item l above. 

Assist with media programs to educate and inform area 
residents. 

It. is expected that ADHS will assist local television 
and newspaper staff in the 0re0aration of three public 
infor111ation programs/articles during the R!/FS. 

community Relations Specialist 
24 hrs each program x 3 72 hrs 

Graphics support 
B hrs each program x 3 24 hrs 

Public meetings. 

Public meetings will be held at the conclusion of the 
remedial investigation and the feasibility study phases. 
Meeting notices will be distributed to interested groups, 
citizens, and local officials. 

Community Relations Specialist 
16 hrs X 2 meetings 

Graphics support 
24 hrs x 2 meetings 

32 hrs 

48 hrs 

,-
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8. 

9. 

10. 

" 
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Briefings of local officials • 

Local official briefings will generally be conducted by 
the project manager and are included in the technical 
program budget. Assistance provided by the Community 
Relations Specialist has been included in Item 1 above. 

Press releases and briefings. 

Press releases will be issued at appropriate times dur
ing the. RI/FS. It is expected that five press releases 
will be issued during the project. Two press briefings 
will be held to coincide with completion of the 
remedial investigation and feasibility study phases. 

Community Relations Specialist 
3 hrs/press release x 5 
5 hrs/press briefing x 2 

Fact sheets. 

15 hrs 
10 hrs 

It is expected that six fact sheets will be prepared 
during the RI/FS. 

Community Relations Specialist 
9 hrs per fact•sheet x 6 

Telephone survey. 

54 hrs 

Three telephone surveys will be conducted during the 
RI/FS. These will be conducted at the Tucson field 
investigation office. 

Community Relations Specialist 
9 hrs per survey x 3 27 hrs 

11. Mailing list. 

The current mailing list will be updated at the outset 
of the RI /FS. It will be revised as necessary during 
the study. 

Community Relations Specialist 
10 hrs 

Personnel Allocation Swmnary 

Community Relations Specialist 

Total: 538 hrs 

PD224.025 14 
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Graphics support 

Total: 78 hrs 

5.0 BUDGET 

• 

For the purposes of this budget, salary rate assumptions 
have been made based on discussions with ADHS. The follow
ing hourly wage rates are used for each personnel classi
fication: 

Community Relations Specialist 
Graphics support -

$10.35/hr 
$15.00/hr 

Overheads were determined based on ADHS July 1, 1983, rates: 

Fringe benefits 
Indirect costs 

Salaries 

Community Relations Specialist 
538 hrs x $10.35/hr 

Graphics, outside professional 
service, and printing support 

78 hrs x $15.00/hr 

Total salaries 

Overheads 

Fringes 
$5,568 X 21.14% 

Indirect (salary+ fringe) 
$6,745 X 31.71r 

Total overheads 

Other Direct Costs 

Reproduction and supplies 
Travel costs 

Total other direct costs 

Budget Summary 

Salaries 
Overheads 
Other direct costs 

Total 

PD224.025 15 

21.14% 
31. 7 

S 5,568.30 

1,170.00 

$ 6,738.30 

S 1,177.08 

2,138.29 

$ 3,315.37 

$ 2,500.00 
1,464.00 

$ 3,964.00 

S 6,738.30 
315.37 

3,964.00 

$14,017.67 
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• Develop Mailing List -----
• Establish Repositories 

• TCE: Update • 
• Press Release • I 

. I 

• Press Briefings - -
• Elected Official 

Bri,eflngs • 
• Faclt Sheets • 
• Publlic Meeting - -
• OfUce Announcement • 
• Review CRP 
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M<iry Beth Carlile 
Sl\Wl-M 

465 w. eo,,gress 

( 

Ch:i:1ibcr of Coir::v~rc•.::? L1iiil<linJ 
Tu=son, AZ !35705 

Dave Saron 
Center for Law in \.:he Public lntercst · 

39 N. Tucson Blvd. 
Tucson, AZ 85716 

?riscilla Robinson 
Southwest E1wirorurcnt.il !:ic,:-:J.c:c,; 

P O nox 223 
Tue.son, AZ 05702 

Lois Kulakowski 
League of h'Orren voters 
4560 E. Broadway Room 17 

. Tucson, l\Z 85711 

Tres English 
Sierra Club 
129 S. Irving 
Tl.1csC'1, AZ 05 719 

Alex Dely 
Bertr?J11 Russell Society 
6150 E. 31st 

.Tucson, AZ 85711 

Pai.:ty Overall 
Junior Lcc1g._1c 
312:J \.-l. Via Cclcst.c 
Tucson, l'.'l 05718 

Senator Usdane 
Senator Mawhinney 
Senator Lunn 
Senator Kolbe 
Senator Hill 
Senator Gonzales 

The Honornble Morris Udall 
The U. S. House of Represe~tati~ 
235 Cannon House Office llui lji n,· 
Washington O.C. 20515 · 

Th~ Honorable John McCain 
The U.S. llous<-' of Represer.tilt i vc 
1123 Longworth Hou~e Offi cc :!i.: 1 > 

· Washington D.C. 20515 

Thr 11,,11nrilble Jim 1·\ci•/ulty 

Th; u~·s. 110\ISC cl' llC[JrC:S·~I".:·~~: 
\ 3J8 Lungwurth !louse Of Flee: '.:;,'. · 

2 r. 1 r w~shington D.C. o~ J 

.. The Honorable Dennis lleConcir,i 

United States Senate 
SH 328 

· t DC 20510 \·lush1n9 on • · · 

The llonorabl e Ourry c;c:lh-,;i tc~·. 

United States Sen~te 
337 l<ussell Senate Office: C .. i~c;: 

Washir.gton D.C. 2051C · 

Representative De Long 
Representative Morales 
Representative Messinger 
Representative Skelly 
Tucson Lobbyist, Bi 11 Sheldor. 
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Patricia A .. Nolin 
Director 

( 

Pima County Health Dept. 
151 W. Congress 
Tucson 85701 

Jack Hensley 
Pima County Health Dept. 
151 W. Congress 
Tucson 85701 

Tom Swanson 
Executive Director 
Pima Association of Governmcrits 
405 S. Transamerica Oldg. 
Suite 411 
Tucson 85701 

Carol Dorsey, PAG 
405 Transamerica Bldg. 
Tucson, AZ 85701 

Pima county Board of Supervisors 
13 l W. Washington ll th Floor 
Tucson, AZ 85701 

Pima county 130ard of Heal th 
c/o Pat Nolan, Director 
Pima County Health D.:?pt. 
15 l •,i. Congress 
Tl.lcson, AZ 8S70i 

R. McIntosh 
ISM 
General Production Division 
Tucson 85744 

Ron Eagan 
Arizona Air National Guard, C.E. 
P.O. Box 11037 
Tucson, Arizona 85734 

509 

Tom Milton-Goddard 
Office of the Governor 
1700 W. Washington 
Phoenix 85007 

M. F. McNulty 
ADWR 
99 E. Virginia 
Phoenix 85004 

Terry Turner 
I\Ol•m 
99 E. Virginia 
Phoen-i x 85004 

Mayor and City C::>UI1ci: 
Do;; 27210 
Tucson, AZ 85726 

William !::aly, De;:;. Cit~ 
Box 27210 
Tucson, AZ 85726 

T.J. Harrison 
City Attorney's Office 
P. 0. Box 27210 
Tucson 85726 

:'rank Brooks; Directer 
Tucson Water 
City of Tucson 
!?. o. Bex 27210 
Tucson, Arizona 85726 

Bruce Johnson 
Tucson Water 
P. 0. Box 27210 
Tucson 85i26 

Tom Jefferson 
Tucson Hater 
P. 0. Box 27210 
Tucson 85726 
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Lt. Gen. Robert M. Bond 
Vine Cornmander-AFSC 
Andrews AFB, MD 20334 

Gordon Ginsburg 
Brigadier General, USAF 
Staff Judge Advocate 
HQ/AFSC 
Andrews AFB, MD 20334 

Cai. T. J. Lewis 

( 

HQ Air Force Systems Connnand 
DCS Engineering & Services 
Andre1-1s AFB, MD 20334 

Barry Hatfield, Chief 
Facilities Mgmt. Division 
Air Force ASD/PMDA 
Wr_ight Patterson AFB, OH 45433 

Capt. Christopher Kernan 
HQ/AFSC/JAM 
Andrews AFB, Maryland 20334 

MAin~ Y-oi+h o~~o~~~ 
I IW.JVl I~- I '-11 l'l,V..,',;;;1 ... ,> 

AFPRO - Hughes Aircraft/JA 
P. 0. Box 92463 
Los Angeles, CA 90009 

Charles Alford 
Environmental Progr~m Manager 
Air Force ASD/PMDA 
Wright-Patterson AFR, Ohio 45433 

John Deummel 
HQ AFSC/PAM 
Andrews AFB, Maryland 20334 

Maj. Stephen Termaath 
Air Force & Engng. & Serv. 
Tyndall AFB, Florida 32403 

Bernard Lindenburg 
Hazardous Waste Program 
Air Force Engng. & Services 
Tyndall AFB, .Florida 32403 

L. F. Boyd 
ASD/DEI 
Wright-Patterson AFB 
Ohio 45433 

Ctr. 

···-----· -·-------· 

Hr. A. H. J. Meuller 
Vice President 

5.10 

Manager, Manufacturing Civisi(• 
Hughes· Aircraft Company 
P. O. Box 11337 
Tueson 85734 

E. K. Spaulding •. 
Environmental Health & SJfe -· 
Hughes Aircraft Compa 11y 
P. o. !lox 11337 
Tucson 85734 

Di,ain Oliver 
Environmental Heal th & Safet:; 
Hughes Aircraft Company 
p. o. Box 11337 
Tucson 85734 

David R. Hargis 
Hargis & Montgomery 
Consultants in Hydrogeology 
1735 E. Ft. Lowell 
Tucson 85719 

n .... .;~ 1 M,,11i\ton 
UC:V I 1,J i,.. ■ 1-1\,I I I • "'-'' 

Latham and Watkins 
Suite 2100, 701 B Street 
San Diego, CA 92101 
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ESTIMATE DETAILS 

PROJEcr, Ground Water Reclamation 

~uNT Water Disposal System # 1 
Cit,y of Jucsao Sewer 

DUCIIPTIH 

MECHANICAL: 
Pioe Steel 
18" A Steell Pine 

la" ~ Steel l'H,nw QO':' 
·8'1 - Steel Elbow 45-
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Table #5 -
MEPAAEDBlr: n BJ oxbam 
CHECl<fDBY:: ___________ DATE: ___ _ 

UHi 
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ESTIMATE: DETAILS 

PROJECT· Ground Water Reclamation 

-.ccouNT Water Dj sposal System HJ 

DEICIIPTIH 

EIECTRICAL 

l Power Cornnanv l".buur 

for deli verv to site and 

traasfot1"'ation 

2 SHe cood11H wice tl'.:e11cll1--
fO[ ] Dt;Q,mi no' <:Pryi Ce ;,nn ~, 

di std b111t100 at !180 II 3 pb~" 0 

3 Site qroundinq, liqhtino. 

securit)'. tel euhone and 
coatro]/mn11itor 
computer sy:stem 

4 eump 11a1ri ;ih 1 P frP011onrv 
drive e,n .. ; ~ ... Ant hn11<:i "" 
.............. W"',-d~ ::1nrl inr:t:1ll:1+;::-. 

f.oi: pum;>< 
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~~- r "r::t.-,..in~<;: _fr .. 

man Hor· rnnt .-o 1 at "if-a 

Subtotal 

-~ 
MATHIALI 

QUUTITY 
UNIT PRICE AMOUNT UNITM.H 

UHi 

Table NS 
1., 

ESTIMATE NO. _________________ _ 

SHEElN0._.1:c.'-J.1-'-~------------

l'REPAfllDBV: 0 BJ ox barn o•TEH),ll B/84 
OECl<EDBV: ___________ DATE: ___ _ 

IUI-CONTIIACII 

TOTAI.MH. RATE AM()UNT UNIT PRICE AMOUNT 
TOTAL 

1n nnn nn . 
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6-l,800.00 

l4?n i;Rn no 
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ESTIP.1A TE DETAILS 

PROJECT: Ground Water Rec l amat i oin 

.ccouNT: Water Pi sposal ;;ystem # 

DEICIIPTIDN DUAINTITY 
MUUIALI 

UNIT PRICE AMOUl~T UNITM.H. 

Subtotal fcom J of 3 
Subtotal fcmn ;, nf 3 

C::11htnt ~ 1 

/luorho,.,i lM 

Subtotal 

Profit 
1 (I<>,' 

Subtotal 

D---' __ .__Jo/. 

C .. ht- nt "l 

C:.:,]oc T"v 11.'Y.nf i:i;,y_ 

Subtnt;,J 

HAC Engineering (Adminjstratioinl Z% 

<;11btot11l 

Continaencv Allowance 

1:uf-,tnt;, 1 

Engi nee1·i ngi Start-ug and Shake Down 

Total Project Cost 

Table #5 • 
ESTNATfNO. _______________ _ 

SHEETNO, ____ J....JU,L_.). _________ _ 

PREPAAEoav, D Bloxham 10m JD/JB/84 

CHECl<l:DBY: -~-------- 1DAlE ___ _ 

UHi SUI-CONlllACT TOTAL 
TOTALM.H. IIATf AMOUNJ UNIT PRICE AMOUNT 

> <=11? ??? 

541. '.lll/l. 

l J 0') /;/l? 

llA • ..16fl. 
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------
---3511...1.96.' 
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l,.852-.-!5S. 

·--·· ---·-- --
- . ----38.,..522-.. 
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101 _] l;A. 

:1 OQl _ AlA _ 
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•- • Table #6 • 
ESTIMATE DETAILS 

PROJECT: -~-:::---::-=-:----:~~-c--=-:=-------------------------

..CCOUNT ---A..L p INDUSTRIAL USE 

ESTUATENO _______________ _ 

SNEETNO __ ~--'-:="!--"':--------:C7"-:-:--::--:--:c-:-

l'REPAAEDBY: D, Bloxham - - ·-DATE I 0/) 8/84 
CHECl<lDIIY: _________ DATE: ___ _ 

DUClll'TIOI DUUTITY 
IIIUHIALI UIII SUI-CONTIIAC1 TOUL 

UNIT l'RICE AMOUNT lNTM.H TOTM.M.H. RATE AMOUNT UNIT PRICE AMOONlf 

MECHANICAL 

611 OI Pine LlnO ?;l(Y ftR'Yl m F.7 ?ffi ?l -~ "i 71Q m 14.519.m 

611 OI E 1 bows 90~ 12 78.00 9:>J..m 2.67 l? ?n i:;A t:(:O m I t:O( m 

611 0 Tees 2 110m ?:~.m 4 8 '?fl l;R U:t: m -ior:m 

6" 0 6~tt~flv Valua 
i; 150.00 7!50.00 8 BIi ,i'll ~ n~>1_m l 513..0L 

6" 0 C ec Valve 3 220.00 660.00 8 74 l?O i:;A ACl/1 ffi _Ll54.00 

6" 0 ~ 1anae 32 35.00 l.120.00 4 178 ?l. :ill 2_7'l? m \li.'.i2 m 

611 0 q~x i 1r'A"t"inn 
A ?m m fm m 6 ?A ?fl l;A 4c~ l '>OA .ffi_ 

611 0 ·o . ..g:J 0 Reducers ' 4 78.00 312.00 ? F.7 11 ?n liA. ni; m 'i;lL{J)_ 

6" 0 Flow Meter 
. 1 ? l?'; fY ? ,:?i; m q ?l q ?l 20.58 l~.m 2.2.lli_.oo_ 

Pum11s. 310 GPM 5 HP 2 1 l;l:,l (Y 1.5i53.00 17.2 lll.4 l?n l;A 1m m ' ?i;J m 

Thrust 8loicks 1? ll; rr ,1/'Xl m l <h 18.14 =m _J ,(HJ 00 
-

Excavation 400' 4' x 6' l5fi vdc; ln 111mm 1111 14 lC. 11 4q;, m -ll<lll m 

Back F 1 l l 356, vrlc;. .48 1111 m 14 Ii{) Ill:, 1.1 1 152 00 ...J.928.00...... 

1m1rn CROSSINGS 
Cross Gravel Road ? i;n 7i:;. 'Kl m .43 22 41.~ 922.00 

Ql;[\ffi 

Cross Asghalt Road 1 60 3.64 :218.00 .43 26. 41.~ 1.(89M 1 101 m 

Structural 

Fence & Slab ? i;n 100.w 3 6 ~.89 21ll.OQ 11.1m 

SUBTOTAL 

36,189.00. CJl 
;.... 
¢» 



• - Table U6 • 
ESTIMATE DETAILS 

PAOJECT:_ 

lCCOUNT A. F: p • INDOSTR IA[ USE. 
ESTUATE NO._----cc---:,---:,------------

SHUT NO 2 Of 3 
PNPwoeY, n Bloxham oAre J0/18/84 
CHIECKlOBY: __________ DATE. ___ _ 

DUCIIPTIDN DUANTITY 
IIATUIAll UHi IUI-CDNTIIACl 

UNIT PRICE I AMOUNT l,NTM.H TOUUIH. I RATE .lM()UINT UNIT PRICE I AMOUNT 
10TAL 

ELECTRICAL 

Ill Pump site groundjng. Jightjnp 
TI, 100,00 

security t 1 T • e epho otal of , 11 
1

°~· computer co11 
nr~t,nnc;: '.._LLU 

112 Pu~p variable frequency I 
dn ve equipment, enc J a sure etc Complete tnul nf I I I I I I I I _f_JJ,500.00 

( 1) unit's/locatinnc;; 

13 Site powec foe seevice entra:i' I I I t- I I r l l_[_b-Qillhfill 
and pump branch orc111ts tat 

·--t---- _______ _ 

of ( J) Jocatiaos 
---+-----t-------t----+----t-----

=L---l-----·-t--,----==f----+----·--1s ,ooo. oo 

~~~~=±==+=+= 
#4 Power company charges fn.-

deljvery of energy-ta sites at I 
480 volts 3 nhasP total of 

~--- -~---1----

( J) )acationc;; 

#5 Tel~phone company charges for I I I I I I I l 1 · ----'L_J_..OillL.OO 

de)1very of c;;Prv,rP to 
of ()) Jacat...i.an sites total 

-Subtofa7 
53,600,00 

CJl ,.... 
CJl 



-
, •. • Table #6 • 

ESTIMATE Dl:TAILS 

PAOJECT: ~STEM ===::~;======================== 
•ccouNr --"1\. F. r:-rnous TR I AL usE 

ESTUATE NO __________________ _ 

SHEETNO ____ ....._...u..__..,_ __________ _ 

NIEPAAEoev: IL llloxham om JQ/JR/84 

HICIIPTIOI QUANTITY 
MATElllll 

UNIT PRICE AMOUNT IHTWH 

SubtQtal fcom J of 3 
Subtotal from ;, nf 1 

,;: .. i-,t nt "l 

(lvprh<>;on 
ln'l:'. 

Subtotal 

Profit lM'. 

Subtotal 
. 

Rnnrl 
1 ir 

Subtotal 

c,-1~~ T;,v . d'l'.nf 1F.I;'!'. 

<:, •btot ;i 1 

HAC Engineerina (Administration> 7.L_ 

Subtota 1 

Continaencv Allowance 

<:.11bt.nta 1 

Engineering Start_-ug and Shake Down 

Total Project Cost 

-

CHECl<£DBY: _________ DATE ___ _ 

UHi IUI-CONtlllCl 

TOTALW.H IIATE AMOUNT UNIT PRICE •MOUNT 

-----

----

TOTAL 

36,189,Q 0 
0 5J.6oo.o, 

89,789.01 0 

0 8,9Z9.QI 

_2!!,ZfillJ)1 

----9.,.821...0 

0 108_._fi45.01 
·---
_ _l,086 00 

Hl9 .... Z3l .00 

2.853.00 

112, 58!1: 00 

7 sun nn 

IZU,465.00 

i:. nnn nn 

I .:::i,46~ .00 

5.0QQ...QO 

•lO 4/i~ 

-

CJl 
;.-
G· 



• • Table #7 • 
ESTIMATE DETAILS 

PROJECT: 
<\GCOUNT,-TII N""Diiiuc-sTTIR>TI"AL.--.ui"i'srE •sivy-Aii<S'-AnRcr1o'""cnoopnrpir'EnR'M"I"NF"E ---------------

ESTIMATE NO 
$HEETNO,_l.:.._0;..__;;_ ___________ _ 

l'NPWDBY: D. Bloxham uml0/18/84 

CHECKfDBY: __________ llATE: ___ _ 

DEICIIPTIDI QUAllllTY 
IIATUIALI LHII IUI-CONTIACT 

TOTAL 

UNIT PRICE AMOUNT LHTM.H. TOTALM.H. AA1E AMOUl~T UNIT PRICE AMOUNT 

f.ln:mmrt~[ 
.18" 0 Pioe 71.060' 25.!ll l .812.000.l .6 42,636 20.~ 894.503.00 2.llli.533.00 

18" 0 El!rn:a:~ ?!Ii 47n 00 11.7'5()1 24 fITI ?fl (IC 17.~R m 24.338.00 

18" I Elbows 450 5 5ll.OO 2.fi!n 24 120 20.~ 2.518.00 5,168.00 

18" ( Tees 16 625.00 .10.cm.1 36 :116 I'll,~ 12,Cl:15.00 22.005.00 

lA. 11 I Butte1rflY Valves 1 3,195.u 3, r.r.i.i 10 IU zu.:it I'\ 1\,111 3,401.00 

18" 0 Cbeck -V;:ilvP l i; l.&(J n r:; <"-!II Ill IIJ :Ill o-J- 21.~.oo 6(lj6.00 

]8" 0 Flan?,1es 4 225.a 900.00 12 48 ?O.~ l SJJ7 .00 l ,~7 .00 

18!1 0 x 121 0 Reducers 24 310.00 . 7.44).n 24 576 20.98 12.m5.oo 19.525.00 

]2" 0 Pipe 1 OI0' ?4 00 ? Alm.fl 1.6 1m ;,fl, ll- 3.3!57 m i; 79 m 

12" 0 EJbPYi"' anu 
,,n ni;_m i;_1m rv 4 R1 ,0 q: l i;1A m 8,378.00 

12" 0 Butterflv V;iluQ,:: ~•4 4Tl fl m 'l?llfl 14.1? ::nq 7{1 lij 6.9ZLOO. 17,291..00 

12" ~ Check Yalve~ ]2 l. 175 n 14.100.00 14, 12 169 ?11 ~ 3 478.m __ll,528.00 

l ?" f;l l="l "nm, 
Qfo lFll a 11; -:u;n 5.11 512 20.~ 10,742.00 26,102.00 

12" 0 Reducers :?4 200.11 4.EID. 10.67 256 20.98 5.3:71.00 10.171.00 

12" ~ Elex Connector~ :~4 ,i;n (l' R.lm 14.12 llQ ?fl(»: 7 112._.m 1.5.512.m 

JB" 0 []()Ii Mot-,..., 
1 9.618.11 9 J,18.00 14.5 M.5 ;,()',!- ;;•;.,y m --9.filLOO 

E'umus ]Z~i; f.;PM 11;0 H P_ 17 ?A qi;[l (l ?QQMYlm 17 .? 706 ?fl Qj'. ii :!?? m JJ3.722.00 

Thrust Blocks 
i;n 11; 1 _7i;n 00 3 1i;n 18.14 'JJ5l m 4.!ifll m 

Ellcalo'atfon 11 ni;,n ~t 41 yj, I fi.1 l,i;i; v,kJ 1 11 71 ~,-,,: m 04 2,527 35.13 00,774.00 160 Ji;;r1 m 

R;,rlt Fi 11 i;-:i ]1,1; " ,1A '.lf'I 1na m .14 ~ A/111 '.II; 11 110 ,:i:c m 1Afl 01.11 m 

Road Crossinnc:. 
Old NagaJe~ i'.i;~h •. ,.,., 

60' 2.89 173 .113 26 41.~ l,IC69.00 l.262.00 

BQrjag Beao;,th R.R. Trarkc:. 10' 1i; lfll',() 9.14 ?74 11 ?7 Ai:i;,om 9.618.00 

Cross El Paso Natural Gas Line l) 120' .75 ~ .43 52 41.~ 2.178.00 
7 ?i;.a m 

Cross Santa Cruz River 1 l 1150' 75 113 .41 65 41. Cl' ? 174 m 2.837.00 

Cross Asohalt 2 Lane Roads 10) S00' 3.56 18:20 .43 215 41.11"' Q mq m 1n R?O m 

Cross Grave Roads ']O} 5nn 0 • 71i 375 .'11 215 41 Ck, qrmm o 'lWI m 

ARCHITECHIRAL 

Slabs i!Dd ~onr<>C 11; •"lrrl<: i;n :frrl.m 3 .1A 1R AQ Q17 m 1. 707 m 

<:llllT(lT Ill 

B,746,988.0 0 

CJl 
;-,. 
---1 



., • Table #7 • 
ESTIMATE l)ETAILS 

PROJECT: _lffiITUSlfiITrulKi:""""i:ivii~imi~uin°m>m;;;:----------------

.CCOUNT INDUSTRIAL USE BY ASARCO COPPER MINE 
UTMATE NO·----::---::--:,----

-------

SHEET HO 2 Of 3 

DEICIIPTIO• OUANITITY 
IIATEIIAll . 

. UNIT PRICE AM~,T UNR'W.H. 

rtrrrnr~7l:t 
11 Pump site gcouadiag, 1igbtiag. 

securHy, telephone, comput.e.r. i=-Pu 

Total of ( JI\ lnr;,tiMr 

02 Pump vaci <1h i,, ~ • ·· .. · · 

rh•;u..-. ..-.mdnm<>nt- ..-.nrlnc11~..-. 

~ ~ 'l 
etc Camp le .. n tnt • "" 

(4) uaits-/ln,-,.t;nr,,:: 

13 Site gower for servil"P Pntr;rnrl> 
and pump h .. •ftr'- rirr11H·c- tn+.;,l 

of (g) locatioos 

)¥!1 eowet COW'"'""" rh------ 4'n~ 

deJi11er.)I af eoetg}l~tc sites "t 

~;,r..-. tnt;,l nf 

{1} lacat- 1n"c 

tt5 Tel eghOOE! comnanv charn.,c:; for 

del hlecy nf en~,,; ra tn 

sites toltal of (g) location~· 

-Sub tot a 1 

l'RlPAREoav, n BJaxbaro DATE I0/18184 
C>lf.Cl<f.DBY: _________ DATE ___ _ 

LUii SUI-CONTIIACT 

TOTAA.M N RATE AMOIJMT UNIT PRtCE AMOUNT 
TOTAL 

... 

·--

.. 

ol .8OO. 0 0 

:U0,350.0 0 

-------
zg,QQO.O 0 

-:in nnn n 0 

i;. nnn n 0 

,ti:;l,)50.Q 0 
CJ1 
;-
co 



- .'. - Table #7 -
ESTIMATE DETAILS 

PflOJECT: -7NfiTi<;f"Riru"-jj(:fliiviicii~unon:cnut~---------.:__ ____ _ 

<CCO\JNT INDUSTRIAL USE BY ASARCO COPPER MINE 
ESTIMATE NO-----------·----

-

SHEET NO, ____ ..___,......___. _________ _ 

PfllPAAEoa,, ll. Bloxham 1o•re .J0/18/84 
04ECl(f08V: __________ ,oA1E ___ _ 

IIUUIALI UHi IUI-CONTIACT 

DUCIIPTIGII DUAINTITY 
TOTAL 

' 

UNIT PRICE AMOUNT INTM.H. TOTALMH, RATE AMOUNT U'NIT PRICE AMOU'NT ' 

SubtQtal fcQon 1 ot l 

Subtotal frDI" ? of l 

<:11ht n•, 1 
' 

Ovorh<>•rl l(l'I' 

Subtotal 

Profit llO'l'. 

Subtotal ·--·- --------

Rnnrl _]_'I' --

C:uhtnt_.J 

,;:.,Joe T"" ll'l'.nf i:;t;'l'. 

Subtntal 

HAC Engineering {Administratio1nl l"t. 

Subtotal 

Continoencv Allowance 

<:.,,htnt_. 1 

Engineering1 Start-u11 and ~ha~1;: Onwn 

Total Project Cost 

--
-

-
--· 

':I 7M .. QRR 

4s1.1so: 

~- 1011. llR. 

419.814. 

II fil7 Qt:.?. 

~61.fil. 

6..01~.]AL 

50.797. ... , 

---
12..lJD, 544 

LU,J24; 

~~2.6..1...918-

368 .. 4 76. 

t; f. 'I? 41 c1 

25.lioo 

00 
00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

.00 

.00 

Ii: rr._7 AlA . 
25,000 

5,682, !lH 

.00 

.00 

.00 

CJl 
;-
c.o 



• 
ESTIMATE DETAILS 

PROJECT IRRIGATION BY FARMERS INVESTMENT CO. 

- Table #8 • 
~OUNT: _______________ ----,--____________ _ 

EST .. ATENO ~-,,~-----------

SHUTI«> 1 Of 3 
PlllPAMoav D. Bloxham DATE )()/18/84 

DEICIIPTION QUA.NTITY 
IUTUIALI 

UNIT PRICE AMOUNT IHJM.lt 

RrCRnRICnt 
18" 0 Pioe 1]1,JZ5' ? t; 'if) i? OOl {'n_l fl f; 

18" ! Elbo.-is 9rt.' 
76 47nm 11 .720CY ?A 

1811 E I oo..is 2!15~ 7 5Jl00 ·,.11on ?II 

18" s x 1u IRedocers 
7? 1mm 7. 320.n ?4 

1811 But ly Valve 1 3.195.00 1_1qi:;n 10 

18" ~ Check Va,l"" 
1 I; ru;n (Y' ":RR'l (Y IO 

18" 0 Tee 
,'Ill F.?i:. m -:in fYYl n 1h 

1811 0 Flanae 4 ??'- m CO\ (Y 12 

lZ'.' 0 P100 
3.,fiO'.)' ?4 N: ru;, II/YI rt l f; 

12" 0 Elbo.-1 90v ffi ·:ni; m ?Cl 1m rr 4 

I[" 0 F]!ll'V'IPS 3?4 Jr.fl rY i:;1 swur !i ll 

12'' 0 Reducers 
1') ?Ill re 111 11m n 10.67 

12" 0 Butterfllv Valves 72 II.TI fYl -:in QfJ1 (Y 14.12 

12'1 0 Oleck Valve 36 1 ni; m JI') -:inn fl 111 17 

1211 0 nex Connection 77 l"ll m ?!i 711'I n Ill l? 

18" 0 FlOtl ~ter l 9. 716.11 9.71n n 14 ,!i 

P11ms 2345 GF1"1 150 HP 
l/;. ?7 AAS:: (Y QAA. O?n fl 17 ? 

lhrust Blocks "'.IQ 'Iii l 1';.i; IY' 3 

Excavation 117 .375 4' X Ii' 11\1. '.ll'.1 vrlc: 111 117 ant: ('{ .04 

Hack ~lll l 011. 333 vds .48 i;n (R)(f .14 

KU/\U LKU.:,:>llm1:> 

~ult n~un,I o~,,,i, /11;\ 750' 2 RQ ?1 li;t1 fl Ill 

~c nfrt Un.;vk ·101 ai;n• 71; 338.f l 41 

Cross El gasoI Natura 1 r..,.~ 1 i"" 11 I l?Cl' 71:; Q1 rt ,n 

7rnrn"ITECTUIRAL 

s 1 abs and Eer""" 
11.R vrlc: 50.00 ;~alUY\ rv 3 

::iUHIUIAL 

CHECKfDBY: __________ DATE: ___ _ 

UHi 
TOTALM.H. RAT£ 

7fl 11.?t:. IXI QA 

1.824 ?n.!lJ 
lhA ?Cl (IQ 

1728 ?n~ 

1'11 ?fll;ll 

m 711 'vi 

1.72B ?fl QA 

48 20.!lJ 

Ii 7fll ?fl (IQ 

240 ,n qi 

l . 1r1 ?fl QA 

769 ?O QA 

1017 ?n l:J1 

li()Q XI J;Q 

1nu ?fl QR 

111 i; ?n i;n 

:nlQ ?n QA 

117 1A 111 

4.173 :i'i 13 

14.liOl ll; 11 

l?".l 141.tll 
194 1111 en 
i;? 1'11 Q'l 

1114 llA RQ 

SUI-CDNTUCT 

AMOUNT UNIT PRICE AMOUNT 

1.471 .. 517.00 
38. ;lr;R (Y 

l i:.?i:. rw-
lh ?i:.11 rr 

?11k m 
"Jfl<. rY" 

lh ?i:.l n 
l 007 fY 

120 m5. oo 
t:.. (lll; m 

1ht,232.ffi 
lfi 114.ii 
?nI o'ln CY 

lf!I 11-,i;. fY 
?l .,.,, rw 

'l<Vl m 
1;,_ain rt 

;1 1,1i; m 
I/Ii; r:no rY" 

i:;n 1AA m 

1 ''.I i;·-111 rY" 

8J29m 
;? 179 m 

5 ~ll nn 

TOTAL 

4.470.500, 
7lQA!.l 

7 .?1t; 

00 
00 
00 

!JH,~/q. _00 
l,AQL ,401.00 
,::_·~( .. 

66,253.00 
umm 

.207~ 
~U5.00 

00 012..00 
:J) 5lll 00 
fil.!W..00 
i;? -,..._ rn 

"" i:.ci1 m • 

10.015.00 
l.CDl m1.oo 

3.511 m 
?nll.4911 m 
i;i;~_ ??'1 m 

1·51ro m 
u A<::1 fWl 

? ?t;.O m 

A m1 m 

J (U, cxq {JI 

CJl 
l\) 

0 



- - Table #8 -
ESTIMATE DETAILS 

PROJECT IRRIGMION BY FARMERS IN\/ESTMENT CO. 
ESTMATENO. ______________ _ 

~COUNT: ____________________________ _ SHEETNO ·-2"'---'0.,_fL---.,3,L_. ______ _ 

DUCIIPTIDI QUUTITY 
HTEIIIILI 

UNIT PRJCE AMOUNT 

rcrnnrr11c 
#1 Pum site c:numdi!!I, licllti[!g, s~uritv. 
to l PllhmP , .... . FP1 I 

Total of 02> 1 .. 
;, 

#2 Ptno vari ;:ih le f, ,-~- dirve eruiment 

erclosure ect. mmlete total nt /1?1 ini+e 

locations. 

#J Site na.er for service entrance and rrnn 

branch circuits total of 112> locations 

#4 Po.-.er cgg;1an:y: cha!:Y§s for de]j'lfO' "" 

ener:g)!'. to sj tes at 4m 'l!il ts 3 Ji]ase tot a] 
of I 12! Jocat·•-~ 

t5 Teleohone cgmaay: chac:ges for de]ivi>rv nf 

sen'.l~ to s'it.es tilt.al of {121 l!£at;n~~ 

-SUBTUIAL. 

UNTM.H 

PIIEP-oav, D. Bl ox.ham oATE . 10,' 18/84 
CHECKEOBV: __________ DATE: ___ _ 

UHi IUI-CONTUCI IOTAL 
TOTM.M.~L RATE AMOUNT UNIT PRICE AMOIUN1' 

185,400.00 

~I ,llll.00 

7? rm m 

<rl,IITI m 

1.500.00 

1 . 11Q QI)/) 

CJl 
I\) 
)-1:, 

.00 



•. , • Table #8 • 
ESTIMATE DETAILS 

PIIOJECT:_..,.....,.~•..,---------------
------------

~UNT s YSTEM 

ESTl,IATfNO. ______________ _ 

l.RRl.GATION SYSTEM BY FARMERS INVESTMENLCO 

DEICIIPTIDI GUAUITY 
MATHIAU 

UNIT PIIICE AMOUl~T INTM.H. 

. 
SUBTOTAL FROM l of 2 
SUBTOTAL FROM 2 of 3 

CIIIH(lTIII 

OVF D1.u· 11n 1()% 

C::IIRTnTIII 

DD(llCTT 
lpt 

Cl IRTOT lll 

IH\tJI) H'. 

SIUHnTIII 

SALES.TAX 4% of 65% 

SUBTOTAL 

~8C EMGlMEEBlMG 18QMlHlSIB8IIONl 7% 

C::illlTnTIII 

CQHIIHGEHCY 8LLOW8HCE 

-5.llillO T 111 

ENGINEERING START-UP MD SHAKE DOWN 

IOil'!I e!W.IFCI COSI 

UHi 

SHEETNO_;,~]...,nu,f~J"--:-------~--
l'REPWDBY [l, Bl ox ham 1l•TE 1 O / 18/84 
CHlOllDIY: __________ IOATE: ___ _ 

SUI-CONTIIIICT 

TOlM.M.H RAT£ AMOUNT UNll PRICE AMOUNT 
TOTAL 

. 7 ,OC>fi.003;00 
l .339.nl.OO 

B,lKb, {Ki.OD 

~I hh'
0
IIJ 

9 ?47.4n1 00 

924.746.00 

10,172,202.00 

_JQ] ,223.00 

10.213,9:ll 00 

267 .122.00 

10.541.052.00 

TH a'.l'.1 m 

11.278.925.00 

.100.000.00 

11 .378.1171, 00 

i:;o rYn m 

l l- 428 925.00 

~ 
l\.) 



• .i Table #9 • 
ESTIMATE DIET AILS 

PAOJECT: _--,-;;-;;.;:;-;;c.,-;-;;-;-~:;--;:;~=-;-;-;;:;--;--;-;;-;:-----------
-------

4CCOUNT IRRIGATION BY PAPAGO INDIA_"'-

ESTIMATE NO. _______________ _ 

SHEET NO__l___o_f,_' -!t-;.---,--------,-----,----

l'IIEP.lAED8Y: D.. B 1 oxham oMe 10/ 18/84 
CtECl<IDIY: __________ 0.l"IE: ___ _ 

IHICIIPTIDN QUANTIITY 
MUHIALI UIIII IUI-CDIITIIACT TOTAL 

UNIT PRICE .lMOl,WT \NTlol.H. TOTALlolH. RATE AMOUNT UNIT PRICE AMOUNT 

REtR1tflIC1t[ 
18" Pine 

'.I? 101 ·1 7r; i:;n R?5_q1n m .6 19 411; 'XI QA IIU7. 745.00 · 1.233. 715.00 

18" El bows ~J0v 74 470.00 11.200.m 74 !1/h 7fl.CR 12 rn'i.m ?1 ~i:: m 

18" Elbows 115u l r:;10 m r;,n IYl 24 24 20.~ 42.00 r;nm 

18" Butterfl v Va 1 ve I 3.1Q5 fY 3 lQr; IYI m 10 ?fl r;R ?ffi m '.I llfll m 

18" Check V,alve 1 5.860.ll 5 860.m lO lO ;in liR xv;m "Jrii.00 

18" ~ f I anoes 4 :,:," II IYJI 1m 17 · <'JR ;,rioo l m7 ('fl U)Z.00 

lB" 0 Tee 10 f;?I; {V /; ?i:;n Jm -u; Wl 20.~ 7.553 .. 00 11 on-, m 

18" ~ x 12" ~ Reducer 1 fi 110 m 4Ql;()1m ?A .ffl 20.~ A fl',/; fYI 13.016.00 

12" 0 Pioe 40' 24.00 ~}.100 1.6 64 70.~ 1,343..00 2.303.00 

12" 0 Elbows 90v 14 111; fl' 4 ,c;cn ,m 4 l::h 7n 00 1 17i;_m ~~ 

F" i Buttfcflv -\/;,]\lo 
l f; ,nn fY 6.m.J,UJ IQ. 12 226 20.58 4.651.00 ~.ill.J.O 

211 Chee Valve B l .175 er Q11mm 14. l? 1 n 7n t;A 2,326.00 1L.12fi..ll) 

12" 0 Flanoe 11? ?74"' ,i::rmm r; '.l'.1 r;QJ 70 QA n i;,i; m 37,613.00 

12" ~ Flex Co,rmection If; 1i;n m r; UYt m lA 17 7?h ?fl 00 ll. 74? IYI 10 lll2.00 

18" 0 Flow Meter l Q 71/; f( q 11,c; m 14 r; 14 r; 70 t;A ?QQ m 10 n1,; m 

Pumas 2342 GF'M 150 HP R 177 Ml:..rt ?JQ&;lil)m 177 l"lA ?fl 00 7_AQi; m ')')') ni:c m 

Thrust Blocks 17 1r; 4?nm 1 -:ii:; 18.14 i;m; m 1 ·rnn m 

Excavation 7F. nm ,Ni~ 111 ?Q '.llli"'lffi (\II. J(\11.(\ "l'i. 13 ~.,;1r;, m 65.915.00 

Hack ~ 111 26.000 vrls lJA 1? AUi} [I' 14 WICl ~.13 127 .8731.00 140_3,;1 m 

ROAD CROSSINGS 
O]d Nog~]es ,~;nh,.,,.., / 1 l .::n ' ? QO 1nm Ill ')f; 141 <ll l ffiCI 0 

l.262.00 

Boeing & Ca•sfog Beaeatb R R Ir-1"'\l,"' 60' .l'i ? JI nm Q 14 l;IIQ 11 ?1 17.J"lf; o 19.236.00 

Ccoss El easro lh+-ur;,l r..~~ ( 1 l 120' .75 Ql"Lm .41 r;? 41 en 2. J7u 11 
2_?f..Q.111 

Cross Dirt Roads ( r; 1 l;(l I 7,; 38.00 .43 ?? 41 en 92;1.oo 960.00 

rrn<, ~ <;;,nt"' 1rr,.~ IH "n~ 1 ll 150' .75 111 m 41 h!-, . 141-<rl 2.121i.oo ? R'.11 m 

ARCHITECTURAL 

Slabs & Eenc"' 12 l R i;nm amm 1 24 38.89 933.00 1,333.00 

::,uH IU I AL 

1,842,940. 00 
CJl 
l\J 
C,;J 



,. • 
ESTIMATE [llET AILS 

PROJECT: 
4CCOUNT:--Ifi'Ri'nR"iiIG"'l\ri'TT.IOm."N'B°'Y,nPA"'PiiiA,;;G01'Tii:iiNB"'I,..A"'NS;c-------------------

Table #9 • 
EST .. AfE NO---,,------------

---

-ETNO 2 Of 3 
Pfl€PMloav .D BJ ax barn __ ~_ o•re 10/)8/84 
04EC1<Eo11v, __________ o,,re ___ _ 

DUCIIPTIDI DUAN1rlTY 
MATUIALI LUii IUI-CONTIIACT TOTAL 

UNIT PRICE AMOUNT IHTMH. TOTM.M.H. RAff AMOUNlr UNIT Pfl!CE AMOUNT 

tr£UffJ[l'i[ 

!l eump sjte u~oundjng, Jjgbtjng, 
30.900.00 

r,.r 11r;•., 1,,,1.,nhnn" ""m""•l'r FPII 

T.-..,.1 nf / ·?I lnr;,hlnn<' 

02 Pymg vacialble fr .. 
11 65,-200..-0l 

,n V 

drj lle equi 1nm<>nt <>nf'lnc11rP 

0 

e~r CompJ.nh tnt" 1 nf' 

I l unitsLlnr .. tinnc 

H3 Site power for service entranrP . 

-12,000.D 0 

and pump bicaacb d rc11it s tot a 1 
. ·--- ·----

of (2) 1oc-atfo11s 
-- ----

--

/M eower comr~"" rh-~---,c Fn-

u.5.,.00(Ul 

1 . ~ ~ 

de 1 very of energy to sites ,,t 
1/3Q VQ)tS ':I 11h,.c;e tnh l nf 

OO£UlO 

{ 21 ]acatinnr -2,500 01 

#5 Teleghone romnanv ch;irn<>c; frnr 

0 

,<.-, 1 i ""r\J ,nf' •n~,,; rn tn 

sites tot"l "" I ?l 1-~~•-;..,.,,. 

Sub tot a 1 

225.600.0 0 

- -

i 
I, 
I 

CJl 
[\) 

~ 



- - Table #9 • 
ESTIMATE llET AILS 

PAOJECT:_==:-----------------
--------------

lCCOUNT stSTEM 
IRRIGA,TI0N BY PAPAG0 INDIANS 

ESTMATENO ________________ _ 

SHIEETNO, ____ .._.....____. _________ _ 

PREPMEoev: o Bl oxha111 DATE J0/18/84 
CHlc«fDBY: __________ DME ___ _ 

DUCIIPTIH QUANTITY 
IIATEIIAU UHi IUI-CONlllACT 

TOTAL 

UNIT l'AJCE AMOUN'f LNl'M.H TOTAI.M.H. RATE AMOUN1T UNIT PRICE AMOUNT 

Subtotal f[am 1 of J 
1-842 940 

Subtotal frnm ' nf 1 

,,i;. ,:;nn 

c- • .-... _ .. _1 
2,068;540, 

flun~h,..;,,i 1m1. 
?nf. A~. 

Sub tot a 1 
2.,21~. 

-- -

Profit. llW -
'21,539, 

--
'I:~02. 933. 

Subtota 1 
-

·---- ---··----

o~~-' 
1 ., - 1--25~029. 

. <:_.,hh,+ ~ l 

2,527,962 . 

,,.Joe T•v ,,., 'If f.li'l!: 
65.727. 

Subtot .. 1 

2,593,689. 

HAC Engineering {Administr~tionl n 
Jill cco , 

,ubtot a 1 
2.775.247. 

Continnencv Allowance 
?5 nnn. 

-C::uhtnt-~l 

'>. llOQ...242. 

Engineering Start-uu and Sbake Down 

?n nnn 

Total Project Cost 
? 820~242. 

00 
00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

C'J1 
{\,) 
t:.>l 



- • • Table #10 -
ESTIMATE DETAILS 

l'AOJECT: 
lCC()UNT:1 Gr.roirL"icF1c"Tr101iiu~RsEcE~IRDIR>ll"GAA"TriI"ON..------------_.:_ _______ _ ESTIMATENO. __ =--------------

StiEETN0-----1.~0...._,,..,._ ___________ _ 

l'IIEPWDav: D_. B 1 ox ham DArE 10/l 8/84 
CHECKfDBV: _________ DATE: ___ _ 

ME CHAN I CAL DUCIIPTIDI 
QUANTITY 

MATUIALI UHi IUI-CDNllACl TOTAL 

UNIT PRICE AMOUNT UNITW.H. mTALWH. RAT£ AMOUNT UNIT PRICE AMOUNT 

611 0 e1 ge e ll c. l;,(I _lj/~ 1 'i 71 J.H.t _ Qli' 1n .?l 7'i TI1 lQ Ill; i,ro ?ill; m 1 lQ'l 117 m 

6" 0 E)-Q~ 90° P.V.C. 107 II. r.;q ,t/;$l_ m .5 51 19.85 1.012.00 1.400 m 

6" 0 []hew ij5D P V r 8 .13.45 100,.00 .5 4 lQ_Ar.; ~1M lllll m 

6" 0 Butterflv Valve 38 150 m .5_1m1 m 8 n1 ?f\ QA h1WM l? n7ll m 

611 0 Check Va1lve 20 220.00 d llllll.00 8 lf.11 7fl CISl 11oc,1 m 7 .757 .oo 

6" 0 Tee P.V.C. 18 21 378.m .31 6 lQ $lr.; 11,R.m ll<l.'i m 

6" I El ange P. v r. l~ lli ? Sl?l"I m '" 
,17 lQ Ill; Oll_m 3.753.00 

6" - Fl ex Connect ion 36 200 7.200.00 6 ?lfi ?OJlli 11. in~ m .11.704.00 

611 0 x 4" 0 Reducers P.V.C. JO i:'.I ,:x,.w .31 11 19.85 218.00 Y/4.00 

6" 0 Fl ow Meter l , i,1; m ? 'l?I; M Q ?1 Q 7~ :;,n ~ l•n 111 ? I; lll ffl 

Pumos 310 GPM 25 HP 18 1.r.;r.;3 m ?7 _QJ;/1 m 17? 110 20.~ fi.lt~.00 34,458.00 

lhn 1ct Rl"""" 
TI "ll; 1 rFJ1 m 1 qJ 18.~ I ,o:i .w 2,701.00 

Exca~atioa 
1.-v; ror.; m 1.n 110 mA m fl/I. . d ?,11 l'i. 13 lMI.~ m ?i;A_l9!1.00 

R,.,-kfill 
1rv; no1; m dll i:.n HQ? m 14 1,1 ll,1,1 ')I; 11 li?l A]'n m 512,36?,00 

BQ8D CROSS ltiGS 
Bore E Casi'o9S y9·der B,8. Iraci,." 111 1801 I 35 r. TI) Q.14 1 hdr.; 11 ?8 51.445.00 57 .745.00 

Bore under I - I ( Iii' 35 2. l(X) 9.14 <;dll 11-,,, .17.1 v-..oo 19 /V-. Ill 

cross Bensoin H1qnwav l 1) 60' 2.89 174 .43 ?fi 41.Ql . ru: I I 1 . l ?fi4 00 

Cross El Pa1so Natural Gas Line l?l ?4()' 7'i rnn ,11 ln1 Ill 01 I 11 II ,.I 1 4.496.00 

Cross 2 i ane asoha lt road on base Cl O I 500' ? RCI ] ddl, Ill ?Iii dl Qn •n , f 1 10.454 00 

Cross 2 lane asnha lt ro"rl off h"c.P 110 i:.nn • ? llQ 1 ui; dl ?11; 41 Qr q rm m 1/l Ao:A ffi 

. 

i'iRCH ITECTURAL 
Slab and F,=nce (8 I ?,11 50.00 1.2m 3 72 lRRQ ?fmm 4.00.00 

-suo,u,AL 

? 211.026.00 



• - Table #10 
I. 

ESTIMATE D1ET AILS 

PAOJECT, 
IICCOUNT,-GGOIOL]F:-Cci(ll)UffiRsiSEFllITTRRUI"r.GA41frf{7iiON~--;--------------------

ESTIMATE NO------:,-----=--::------------

SHEET NO 2 Of 3 

HICIIPTIOI DUANllTY 
MATUllll 

UNITl'fllCE AMOUNT UNlfM.N. 

t[tCTRir;i{[ 

ttl eump sHe 9rn11nrfin11. liohtin11. 

secur:it)'.. t e I epbone; computer l="PII 

Iota] of ( fl\ lnra,HnM 

#2 Pumu lli!l:ii!bil<> freou 0 nrv 
rl~iV<> on,,ir,mon+ onrlnc:11~0 

etc Comp]e•to tnt~l nf 
( 8l unHs(lnraitin"c: 

tt3 Site [!Oh!er for secllice entranr" 

aod P-llmp b1caacb cicc11its tota.1 
of (B) loc,atfoos 

ll!! Eower comp~ ... ., rharno< ♦n-
ct l . • • 

e 1vec~ of eoecgy to sites a• 
gfiQ 1,!Q)tS 1 nh;,ro +n+ 'I 1 nf 

(8) 1ocatjnnr 

tt5 Teleghone cnmnanv r:h;,rn<>c; fnr 
A<>liv<>rv n,f cc.,~.,;,-., tn · 

c,i+nc, +:.+.:ul n ♦ ( 81 lnr;it;nnc 

. 

Subtotal 

l'NPN1Eoav .n Bloxham DATE J0/18/84 
O.Cl<EOBYc __________ DATE ___ _ 

UHi SUI-CONllllCT 

TOTA&.MH. IIATE AMOUNT UNIT PRICE AMOUNT 
lOUl 

123.600.0 0 

3ll..2W.J)_I 0 

-------
. __ J.JlQ(LI] 0 

··--·--- -

--

6Q,000 • .01 0 

--- -

1 O,OQQJll JlD. 

i 

509.300.0I Oc:Jl I 
i\:) ! 
-.JI -· 



• • 
ESTIMATE 01:T AILS 

PROJECT: 

t.CCOUNT GOLF COUIRSE IRRIGATION 

DUUIPTIOI QUANTITY 
HTlllALI 

UNIT PRICE AMOUNT lHTMH 

Subtotal fcom l Qf 3 
Subtotal from 2' nf 1 

<;,.1-,tnt" l 

OvPrhp;orl 
Hl'I' 

Subtotal --

Prnfit 
ln-t' 

Subtotal -

Rnnrl 
_JJ 

C::11ht nt a 1 

C:.:,Jp<: T;iv ll'l'"f h""' 

Subtotal 

HAC Engineeriino (Administration! 7"1. 

<:.11btotal 

Continaencv Allowance 

Suhtnt al 

Engineering S,tart-u12 and Sbake Down 

Total Project Cost 

Table #10 • 
ESTMATENO __________________ _ 

SHEET NO _____ ~.....__..__ __________ _ 

l'flEPAAEoa•, o. 8 l oi<ham 0Ar1E 1Q/J8t84 
CHECKED BY: _________ OAT1E ___ _ 

UHi IUI-CONlllACT 

TOULMH. RATt AMOUNT UNIT PRICE AMOUNT 
TOTAL 

-- -

- ----- .. ·--

-

2. 211,026. OC 
500,n:J. w 

00 

gJ 
2,726.326,1 

272,633. 

2,9(13,959. w 
299....B91u] 

---·---
~ -! 

3.m~ ,5..00 
--

- 1?,~ ill 

3,33] .844,{X] 

___ffi_,628.00 

3,418,172,00 

239.293.00 

T,657,765.00 

25-<ID m 

1 f"-W_7hr;, m 

?fl LUI.a 

3.702.765.00 
I 

··- I 
I' 

CJ1 I 

l'-..:,1 

0:, : 



PROJECT 

• 
ESTIMATE DETAILS 

Recreational Water Use@ Park 

• 
--------------------

~COUNI --------------------

IIATHIAll UHi 

Table #11 • 
ESTILIATENO 

SHEU NO Terr -=--"---=~------------
l'ftf P Allt: OBY. D .. Bloxham ouE10/l9/84 
CHECl<EDBV: __________ OAIE ___ _ 

SUI-CONlUCl 

DEIClll'TIGI OUANlHY UNIT PRICE I AMOUNT IHTWH TOl~WH. I RATE AMOUNT UNIT PRICE ( AMOUNT 
TOTAL 

MFCHANJrAI 

: = 2~:~~t~~ I f
,))),599.00 

~1---t----f--1.fi...5.Jil.00 

-----+--'-"--r"-:1-"::"-.........-~~~~~---i -~➔ ...... --=,...,......--1-l--l----1uu. oo 

....,..____.,_~~--~--

~ nn1 nn 
1310.001 s.sao.oa 24 
l Jqi; m l Jgij_O.Q -, -. -t · tE: gg 

12" 0 eiµe I 1.70 I 24.001 

12" 0 ElbOW-!J0° I 15 1335 onl ___ _ 

12" 0 x 6" 0 Reducer 18 200.om: 

-12" 0 Butterfly Valve _ I _ lR I ,,no nnl 

1_2:_lLCheck 'll..a.he I 9 11.175:00110-

1?" 0 !Cl"" fnnnPf'~nr I A I 11;0 onl ;; 

l5i~:j s:~% 001 10 

J . . Cl,6UUO I ~-
20 I 24.001 2,aao -6 

101 5 025 
I 

I 1;600, 0 

-- 001 
-- . 

-
-----

-_12 11 ·; i:-1,,nna I -,,, I 1.::n nnl, 

.... - - ---., 

Pumps 2345 GPM 200 H.P. l 9 l36,2..92.m326,18"1jXl_ 17.2 I 155 
_329,433.00 

.00 

l~~~~~~~cks 1~::~1t~~~ I 31:!~1~~:l~·g~ 3:n I l~!l p? Plf91, mt 1111 
.00 

Back E1 J1 

266,0]6.0Q I 

-----c--------------+----------+-----+------+----¾-----+----~---+-----

~C-.>U.u.uL~-U<><.---------f---·- --·----+-------------- -+-c-c----,,---,--.J----1---.J--=--

.li...-J--ll4..i!,~\J--l,Y--.:L~+--,l.~~ 
5W39.oo , ,lo2".oo 

•~=----+----+---1.2.._!2l_.00 
----1----- _ _li, 236. 00 
"-4---~---t--5..6.30..00 

.....,.~----1---------t--...._.....Ol. 00 

~--t--------,-~JBt:88 
1.307.00 

-----1f-.---1--·_l,.__,307. 00 i _ 

ARCHITECTURAL- SLAB --
r,J1 

-'----1-----+--··-----..J--- - ------- --------·· ~ 

--2~~-~_f~nCi!!g_ ____ -----·---------· ___ Jg ____ __fil!____ 
---··-·. -Q~f/si~~QiO f-0 

__,j~--'-"..llll..---------
---1~---1.----L.---.L----- ___ _,__ _ _..___ _____ __. __ ~-----·- -~"'-=--'-= I 



• - Table #ll •· 
ESTIMATE DETAILS 

PAOJ£c,, Recreational Water Use @1 Park £ST .. AT£NO 

~UNT: _____________________ ___:. _______ _ 8HUTNO 2 Of 3 

DUUIPTIDI QUANTITY 

ELECIRICAL 

#1 Pump site ~rounding, lightin,~-
securitj'., - e 1 eolione, computer t l'U 

Total of (31 locations 

1/.2 e11rup l/al:] ;,h 1 P frP<!IU>nr-v 

dri lie eqll' ----,+ "'"" 1 nCIIY'<> 

-•,- r--..,10ta <-,,.t;il -c 

l'>I 11n;+c /lnr~•innc . 
11.3 Site pawf•t fat setlli ce entn•~r~ 

:~d s}ml L -·:-L r~~ruHr h•-:.1 

{ ucatlOas 

it4 eowet: CQ[""-""V .. ·-.c fnr 

delillet¥ of eoergt to sites "'t 

!180 1mJt,c 'l _,.."r- ·-•--1 nf' 

( 3) ] OCaH --,'c 

11.5 Ielepboae CQmpaa~ cbacges fnr 

de] i lier¥ of setllice tn 

sltes total of (3) Jocatjoo,c 

Subtotal 

IIATUIAU 
UNIT PRICE AMO!ir.1r IHTM.H 

. 

l'REPMEoav, D. Bloxham oml0/18/84 
CHlCKl:DBY: __________ OAT£: ___ _ 

U,111 IUI-CONTUCT 

TOTAI.M.H. RATE AMOUNIT UNIT PRICE AMOUNT 
TOTAL 

Ac. 'li:;n nn 

l?i:;o ?nn nn 

39,150.00 

22.500.01 0 

l 1'i°n nn 

I 
ll7L?i;n Ill o I 

CJ.I' 

~ 



- e,. - Table #11 -
ESTIMATE C,ETAILS 

PAOJECT: ---:::-7:-::=:-:----------------------
--------

-CCOUNT: SY STE 
Rec re at inna I Water Ilse at Park 

ESTUATE NO __________________ _ 

-ETNO, ___ _.;LJ.LL-...,___ ________ _ 

PIIEP-oav D, Bloxhalll o,nE JQ/18/84 
0€Cl<£DBV: __________ D"1E ___ _ 

IIITElllll UHi IUI-CDNlUCl 

DEICIIPTIDI QUl■-rlTY UNIT PIIICE AMOUN1r INTM.H. TOTAi. M.H RATE AMOIJNT UNIT PRICE AMOUNT 
TOTAL 

Subtotal fcom l of 3 
Subtotal from' nf l 

<:: ...... - .. ,.1 

011<>rh<>",1 
l 111'1'. 

Subtotal 

Prnfit 
lf\'l' 

Subtotal ·-

Dn~A 
·1 <I' 

·•---- ------

<::,,._.__._ "1 

<: .. Jar T .. v 
,1'!'nF l;l,'i. 

Subtntal 
- ·-

HAC Engineering (Administration> ]'i. 

<::ubtot al 

Continnencv Allowance 

<::,,htrita l 

Engineering Start-UR and Shake Down 

Total Project Cost 

r.l na'l r-nr 

· 121,250 

ll A<:A OA~ . . 
34_§_.A82, 

3. .. 81 l...13.(l 

·- -
'>01 lll . 

-]92,163., 

00 
00 

·------ - -

.00 

00 

.00 

.00 

00 

00 I 

00 

00 

<------ ---4~S.. 
------

l,134,388. 
. 

1 lfl OQ,t 

.4....ill...48 2..00 

00 

-

30~.114. 

ft,618,526, 

,~ nnn 

00 

00 

~ J:.7"l° 5 

?n n 

9.6.. 00 

.00 . 

l,1 fiO l ~OJ:. 00 

di 
~ 



- •-· •. ,_ 
Table #12 

., 
ES":IMATE DETAILS 

PIIO.IECT: --~~irji;.,-'fn~..,jF";;"'T.::;;-;-1f:r;;;:;;------------------
------

lCCOUNT Recharge to Santa Cruz River 

EST .. ATENO 

-UNO 1 Of 3 

DUCIIPTIH QUANTITY 
MUElllll 

UNIT PRICE AMOUNT INTM.H. 

f:l~CR~flIC~t 
18" 0 Pi~e " 

25. ::ni;• ?i; i;n CM: n,:;i:1 IY\ i; 

18" 0 E ,-ow 1!:IU_ 12 470.00 5.640!.00 74 

18 11 0 El6ow -4~- 4 530.00 2 l?O nn '),I 

I tl'' 0 Tee 
i; i;?i; nn '.L 1i;n nn ".II::. 

18" 0 x 12" 0 Reducer 8 lln nn ? 11.Afl nn ?,1 

,r ' B~ttrfl V V-'l 11/P 
1 1 lllC IY\ 1 l 01; nn 1 n 

1 5.00100 5,801D.OO 10 
11 C ec Valve 

18" 0 FlanoE!s 
,1 ??1; n, Cl/"\O nn l? 

]8" 0 Flot1 !~etPr l q 4m m Q !llR nn l II I; 

12" lil ejpe 
11n 1 ?,1 n, 01::..n nn 1 F. 

]2" 0 Elbow Qnu 
i; ".l".11; nr 1 i;71; nn II 

12" 0 Reduciers 
Fi ?nn nr 1',nn nn JI) l::.'7 

12" lil Butterflv l/;ilt1oc 
Fi 11-:in nn ? r:;c,n nn 111 1? 

12" 0 Check Valves l I 1 F.A n1 't i;n11 nfl ld 1? 

12" 0 Elex rnnn,-,rtn-~ 
i; ".li;n nr ? Hlfl nn l II 1 'J 

1? 11 £ol J:l,on~nc, 
'>A 1 i;n nr ".I. o,,n nn C 'l 'l 

Ihrust B]Q~:ks 
i; ".II; 1.nc flfl 1 

eumps 23~5 ~PM 2nn ~ P 1 ~ u; ?A? fY 1m i'?f. nn 17 ? 

l="r-'lv;ot inn 
?? ~lfl? Yd'-J Ln 'JC 7<:C. M nn" 

R.:.rl, Fi 11 
?? OfYJ Vrlc.J dR 1n ,nAi; nr 111 

. 

DOIi!) rDn,, 1 "'" 

llQrjng under R.R. Tracks 13) 180 35 6,31uu.uu 9. 14 

Old Naga]e, Hinhw~v 11} Fin ? AO 171 nn 41 

Aspbalt Ro~~c (11\ t;i;n• .3 foll i 00?.00 .43 

_w:nss J-]9 Rnrorl R. f~dnn 11} i;n • ".II;. ? . 11 nn nn q l,1 

Di r:t !loads 
- I Al ~)nn• 71;. ·11;.n nn ,'l".1 

AKCH l I ti.. I U~lAL 

::,1ab & Fencinq 4 50 200.00 3 

SUBTOTAL 

Pf\EPMEoav, D BJ oxbaro DATElQ/)8/84 

CNECKfDIIY: _________ DATE: ___ _ 

UHi 
TOTALM.H RAT£ 

11; ?n? t>n OD 

?AA t>n OD 

nc ?n no 

?lF. l?n no 

l 0'> l?n no 

ln '>fl t: D 

in ?n i;~ 
An 'ln nn 

1A C '>n ,, 

1::.11 'ln nc 

.,n ?n no 

~:; ')fl nr 

oc ?f\ en 

A'J ?n i;i 

nr 'ln n, 

Jnn "" n, 

1 I;. 1 R -,, 

I;? ?fl 01 
Ql? ".II; 11 

1 "fo-, 'JC 1' 

l. 645, 31.27 
?i~ 1 an 

?37 ,T 90 
l;/1 R ,1 ?7 

or 1 an 

1? tA.RQ 

IUl•CONTUCl 

AMOUNT UNIT PRICE AMOUNT 

318.938.00 
i; n11? n, 
? n,14 n, 
,t r:;,l? nr 
A rn-,o Of 

?nt:. n, 

'W.Fi n, 
1 nn'7 n 

• ')no n, 

l, 3A".I l)f 

420....0, 
> 34".I n, 
l • 71;.f\ fll 

, OCA IT 

1 ,n-;i r, 

')~'~nr- fY 

?71;. ff 

l nQ] N 

'ii n1a OI 
11? l'>C ('( 

51.439.0 
1 089. rn 

9 930,00 
17 116.nn 

1 f.n1 fln 

~161.W 

I 

TOTAL 

QF.5. nni; 
11 t::O'l 

,I 1 ".Ill 
Q:" "lO,; 

i;. i;Da 

1' ,40-1-
6,006 
1 nn7 
0'1 
-, ~ 

2,303 
? "95 
?CA".j 

, 

-H~ 
".I 883 
6.'i?li 

1Rfl 

lfla Rl7 
1;7 oni; 

1 ?l OP.fl 

00 
00 
00 
00 
00 

.00 
.00 
.00, 
.00 

.00· 

.00 

.00 

.00 
.OOI 
.00 
.00 

.00 

.00 
,00 
.00 

57.739 .00 
.00 
.00 
.00 
.00 

1 ?Fi? 

11. 932 
19....lli 

'.\ 71;.1 

667 

I 4?R 11::.n 

.00 

00 
' 

j 
w 
l\J 



•- •· Table #12 • 
ESTIMATE DETAILS 

PROJECT: u:couN,,RR~erichhia;;r~g;e1tj:;o~S~an~t:-;;a:-r.cr;:-;u~z:-Ro"1;;• y:-:::::e.r. ___________________ _ 
ESTMATENO _______________ _ 

SHEETNO 2 Of J 
PflfPNlfoev D Bloxham DATE JQ/18/84 
CHECl<EDBY: __________ DATE. ___ _ 

DUCIIPTIOI QUUTITY 
MATUIALI UHi SUI-CONTUCY TOJAL 

UNIT l'RICE AMOUNT INFM.H. TOTALM.H. RAT£ AMOIJNT UNIT PRICE AMOUNT 

t[ti':TffI~;l{[ 

ttJ eump sHe nrn11nrti nn linhtinn 
15,450 01 0 

secucit.)l. te]epbaae, com;:iuter FD1 1 

Iota) of fl I , n~;,H--,.-

Ii? p11mn v;iriAble fren11pn,:v 

Ht>,!JOO. 0 0 

dci Ile equ·i nmont onr l nc.11rp 

etc Complo1-o tnt;,l n& 

{] l 1.mits/lnr;,tinnc - . -· ·---·---

113 Site nower for 5PrvfrP <>ntr;,nrP 
13,150 00 

~~d ~um~ bra~cb circuits tot"l 
- ----- --- ---

( ) ocatrnos 
---------

.__ __ ~-----

il.4 ~011,{e[ con•n ,_., rh~--M ~--
-- _ z. 500 00 

de)i11er~ of eoerglto sites ~+-

160 llQ] ti: l nh;,co tnt;, l nf 

!l l locat;nnn 

ll5 Teleghone comganl ,barges for 

l ?50 nn 

de) j 11er.)l nf c,prvi rP tn 

sHes toltal of (1) locatjoo•0 

Subtotal 

123. 750.01 0 
r.,i 
w 
w 



- • 
ESTIMATE DETAILS 

PAOJec,, System 
.ccouNT Recharge to Santa Cruz Riv,er 

DHCIIPTIH QUANTITY 
IIATUIAll 

UNIT l'IIICE AMOUNT UNl'IW.H. 

Subtotal from l of 3 
Subtotal from :> nf .l 

c .. 1-->- .. ,1 
. 

nuorh<>•,1 1 (\'I' 

Subtotal ' 

Prnfit 
Hl'I' 

Subtotal 

llnn..l l" 

C,,L._ _._ 2 l 

<:.-.1~~ T•v 
/10/~&: .t:l;'l( 

Subtotal 

HAC Engineering {Administration\ 7'l! 

SybtQta] 

Continaencv Allowance 

·1;;,ht-nt ~ l 

Engineering Start-ug and Sha~e Down 

Total Project Cost 

.. 

Table #12 • 
ESTNATENO _______________ _ 

SHE£TNQ, ___ ~1J.lL....l.----------

l'REPWDBY _ O, Oloxt:iam o,,.,e JQ/]8{84 
CHECK£08Y: __________ OA1E ___ _ 

UHi IUI-CONTIIACT TOTAL 
TOTM.W.H. RAT£ AM0UNIT UNIT PR1CE AMOUNT 

1 _4?~_ 'Hill, 
1?':l 11;n 

1 i;i;'> 11n 

1 i;i; ?11 

1...ZO.L..12.L 

17~132.. 

------
l .• 8.7 B.,-053.. 

··--·-- ----~·· ·--·---
.---1.~8.L. 

-- ~..896, 83!1 

·--------
42,318, 

1,946,152. 

136,231 

r> no? ':IA':! 

,n nnn 

> l n? ':183.. 

,n nnn 

r> 1 ?? ':IA':! 

-----

·-· 

00 
00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

00 

~ 
w 
~ 



•• • Table #13 • 
ESTIMATE DETAILS 

™uNT DOMESTIC USE BY DAVIS MONTHAN AIR FORCE BASE 

ESTMATENO. _______________ _ 

SHl:ETNO_j__.,,._.~.__ ___________ -'--

PIIEPWOBY:(]I BJoxbam 10ATE JQ/]8/84 
OEClll08Y: __________ IDATE: ___ _ 

DUCIIPllOI GUAIITITY HTHIAll UHi IUI-CONTIIACT TO 

UNIT PRICE AMOUl<T INTM.H TOTAI.M.H. RATE AMOUNT UNIT PRICE AMOUNT T AL 

MEtAANltAL 
12" 0 Pipe P. V.C. 7r:, 1110' 14 C:,A 1 ro111·Mm 11 ?l lll1 __ ,n oil Mio nt: rm 1 r:,1n fil0.00 

)2" 0 E]bows 00~ P v r: !'iA ,;n nn 1 .i11n nn A 4,; ,n QA oi::r; nn 4.445.00 

12" 0 Elbows 4r:,v P.V.C. 4 61.00 · ?•4.oo .8 3 20.98 63.00 1n1.oo 

l?" Iii Too P \J f: 10 Ai; 00 Ai::n 00 1 I; 1,; ?O Oil •n,; nn 1 17'i.00 

]2" 0 Redurerc:: P v r: ?n i::n nn 1 ,nn nn A lfi ,n 011 1-:ii:: nn 1 r;·u 00 

l?" 0 Butterflv Valv,:,c:: 21 410 nn g~n-u11 on ld.12 ?Q7 ?n 'iA 1-_n,_nn 11;·14,:00 

12 11 0 Check 11b 1 uoc:: 1- 1 ni; m 1 n,;n, nn u 1? oc ,n co 1 1,;n oo A or111 00 

J2"0fJaoge••PVr oA -:innn,_c'>nnn .i 111 ,noo 7QJnn 1·i::n:oo 

]2" 0 Flex (,nnnortnrc:: ,n 1,;n nn 7 nnn nn 111 l? ?1 ?O no AQ-:1 nn .. An~ 00 

12" 0 Fl ow M,:,t,:,r 1 6.??1 m 6. 22'.I. on 14. 12 14 ?o. QA ;,q,1 _ nn n:s..u: oo 

Pumps ]550 GPM 100 HP 10 17.468.11174.6!U.OO 17 .2 172 }0.98 3,609.00 178,289.00 

Thrust BJockc:: r:,1- _ 35 1.01-n.nn 3 l'-R 18.14 3.081.00 5.041.00 

rur;,v;,tinn . 
i;i; !llll) V.lcJ l 11 71; 1;74 00 nil ? 1,7,; ll; 11 ,Q1 Q7_3_.00 ]69,547.00 

A~rl,Enl i;i;_pJlfl V<lcJ /IA 1? 10? 00 14 Q 1i;1 11; 111l?R O?•? 00 1i;l 0?4,00 

ROAD CROSSINGS 
Boring & Ca•;ing Hoder BB Track 131 HIO' 15 6.300.00 9.14 1.645 31.27 51.4•i5.00 57,1115.00 

Boriog & Ca•·;-- 11~-'~- r-rn 111 i::n• 1,; ? rnn_nn 9.14 r:;4R 31.27 17.1.36.00 19.236.00 

Benson High,.,,."- 60' 2.B9 174.uu .IJJ Zb 41 .~u , .u~,u.uu 1,264.00 

Crass fl Pa'So Natural Gas line l?l ?~o• ,., 1Hin nn 41 101 41 90 4.3116.00 4.496.00 

2 Jane Asphalt Roads off base (101 50IO' 2.89 1.4<1!5.00 .43 215 41.90 9.009.00 10.454.00 

2 Jane Asphalt Roads on Base 111 1i;,n• , 110 1 m, nn 41 1,;1 41 Q( ,; •?7 nn 7 11g bo 

ARCHITECTURAL 
Slab & Fence 2u :>u 1uu j 60 38.81 2,334.UO 2,434.00 

Subtota I 

2, 11:>j, ~u 1. OD I 
i 

CJ1 
w 
CJ1 



• • Table #13 -
ESTIMATE: DETAILS 

::::';-"DO"'MTrE'rS'.,,,.T"IC.---.-cUS.,,.,E=---..-Brr-Y-,,D,...A"'VI...,Sc-:.M0"'1'Nc.,T""'Hr.AN,--.-A"IR,.........F"'"Ol''"'K'--E.--..-BA.,S'""E,--------------
(STUATENO. _ ___, ____________ _ 

-UNO 2 Of J 
_,AAEoav D BJ ax barn DATE 10/18/84 
CHlCKEDBY: _________ DATE. ___ _ 

DUCIIPTIDI QUII.NTITY 
■ATEIIAU UHi SUI-CONTUCT 

UNIT l'fllCE I AMOUNT IHTMH TOTALMH I RATt AMOIJNI UNIT PRICE f AMOUNT 
TOTAl 

ElEClRICAL 

#J Pump site grounding, lighting, I I I I I I I · 1 I j 77,:iso.oo 

security, telephone, computer EPII I I I I I I I I I I 

Total nf I 51 ln.-;iHnn~ 

#2 Pump variable frequency 
1299.200.00 

nri VP Pnllli nmPnt. pn,-1 nc;11ro 

etc CamplPtP tnt;il nf 
( 5) uniTi,/lor.atinnc 

#3 Site pow•~r for service entrdnce I I I I I I · 1 I 1-- 11.L.000.00 

and pump branch circuits tolr,.1 
----➔ ---·· --• -------

-

of (5) Ji::icatioos -r-----+---+----+-----4---1---·-+----·· --~1----+·---

#4 Pow~r company charges tor I I I I I I I --·-· 
del1very of energy to sites ~+ 

t---+..----1 1 137~500.00 

4~0 yo]t c; ~ nh;ic;p~ tnt ;i l nf 

{ II .JacaHnnc: 

#5 Telephone company charges for 
fi..250.00 

de) ivery f 
sites tot~i ~~r(~)e)ta . neat rnn,c 

"Subtotal 
453,200.00 

---------------1-·----------t-----+----f---+----··--t----i---·- CJ1 
w 
CJ) 



- • ., 
ESTIMATE DIET AILS 

PROJECT: 
CE_BAS_E 

~uNT ~6~~~~IC USE BY DAVIS MONTHAN AIR FOR 

DUCIIPTIDI GUANlllTY 
IIATUIALI 

UNIT PRICE AMOUNT UNITM.H. 

Subtotal fcom 1 of J 
Subtotal from' nf l 

<"•,h•-._,. 1 . 
Ou1>rh,,.,.,l 

10'¼'. 

Subtotal 

Profit 
Hli'f 

-

Subtotal 

On-A 
l IJI 

C'., .... _ .. ,., 

<:. .. 1-~ 1 .... 
JIO/n~ <;!';'!£ 

Subtnt:;11 

HAC Engineering (Administratioal 7"1. 

Subtotal 

Continoencv Allowance 

<:.11htnt "1 

E_ngineering Start-ug and Shake Onwn 

Total Project rost 

Table #13 -
UTMATENO _______________ _ 

SHEETNO-----~~~----------

l'f!EP-DBV: o. aloi<liam DATE l.OLIBLB.4 
CH(Cl(fOBV: __________ DATE ___ _ 

UHi IUI-CONlUCl 

TOTALMH. RATE AMOUNll UNIT PRICE AMOUNT 
TOTAL 

--
--· 

-

2.4'il 501. 
451 ,on. 

? ant: 701 

290,670 

3- lQLlZ.L 

319.737. 
'-----

. 1 • 5.11 •. 108.. 

00 
00 

00 

00 

00 

00 

·- -.-- . -
00 

00 

00 

-

..... --3~ 

_ 1,552,219 

92.359 

3,611.638 

2i:;i:; l?'i 

3 OQQ 7/il 

25.000 

ll Q?4 ]Jil 

20.000 

3_911.4_7r;3 

I--

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

' 
('J1 

w 
--..I 

-



• • Table 1114 
.,. 

ESTIMATE DIET AILS 

:::::.--=o""oM--=E'""S-;T-:-:IC~U"'"S"'"E""'B"'Y,--;,-C;--::IT;:7Y,--;,-OF=-=T=u-,:-cs-:,-co:--,-N,----------------------
ESTMATENO. _____________ ---'-_ 

SHEETNO_]j"--40l-l-f......,).J ___________ _ 

DUCIIPTIDN DUANTITY 
MATUIALI 

UNIT PRICE AM~T 

f.lttmrnrc~t 
18" ~ Pioe ·- 66?'1' 75 l;(l li;Q Q1A m 

(8 11 I Elbow 90'::' 8 nn_nn 3.7F.ll nn 

18" Elbow 45u 2 530.00 1 _ni::.o.no 

18" Fl,maP ? ni;. nn lll;O oo 

lfl" Ill Too 4 ~?'- nn ? 500 nn 

18" 0 ll: 12" 0 TV':>nciHnn F.' 11n nn 1 ni:n nn 

18" 0 Butterflv Valve l : l 101; m 1·1Qi;on 

18" 0 Cbeck ~al""' l t:;1n"lm i:; Ann on 

lf j ~10111 Met""" 
1 Cl F.lOOf o·F.10 nn 

11 lpe 40 · 24.UL ·ai:n on 

12" 0 Elbow 90v 4 115 or 1 111.n nn 

ll" ID f I ange 24 lbU. UL 3,H4U.UO 

12" ~ Butterf]r Valves 6 430.00 2.580.00 

12" ~ Check Valve J; 1.17!1 on 1 5?', nn 

12" l:J E]e1r CQ1mection f;,, 1i;n on ? rnni on . 

Pumo 2350 75 H.P. 3 12,405.Cl :17,21S.OO 

Thrust Block HI 35.00 630.00 

fvravation 5. Alt!; l l:l fi. fi50. nn 

R"'rHi 11 
I; Al~I; ,t~ ? R?'i nn 

ROAD CROSSING" 
Baar aad case uadec 88 !racks (RI 160 35 2. l OID. 00 

Old Noga]es ~igbwa¥ (11 ,i:n ? sia 17'l no 

El ~a~o Natu~al Gas Line (11 l?O 71; oin on 

ARCHITECTURAL 
Sli:!b aad fencina 4 50 200.00 

Subtotal 

WTIIII.H. 

F. 
?4 
?d 

l? 
11: 
?4 
ln 
10 
1 JI i; 

1 i: 

4 
5.33 

14. l? 
14 l? 
14 1? 

17 .2 
3 

nil 
14 

9. 14 
11.1 
4'.l 

3 

rREPAAEoav. D Bloxham DATE•lJ/Hl/84 
CHECKEDIIY• _________ DATE•----

UIII SUI-CONTRACT TOTAL 
TOTM.1111.H. IIATE 

107i; ;,n QA 
10? 1n an 

II.A ?O QR 
?II ?nan 

111.11. 1n an 
144 ?0 QA 

1 (\ ?n no 

10 ?fl CC 

1 JI I; ?n CC 

C. " ?n no 
11; ?n oo 

128 20.98 
Rl'i ?0.58 
4? ?n i;n 
ni:; ?n ao 

52 20.98 
54 18.34 

?ll; ~5 l] 

R?4 1i; 11 

· 548 j I • 2 / 
?n 41 or 
1;? 41 Qf 

12 38.89 

AM<l\JNT 

R1 101: nn 
11. n?1A nn 
l Ofl7 nn 

1;n1 nn 
1 n:n nn 
1 ll'.)l 1111 

?inF. nn 
?nt:. nn 

?QA nn 

1 '>" ':J 1111 

'11~· no 
2.685.00 
1.750.00 

A,F.11. nn 
1 7A1 nn 

1,091.00 
990.00 

R ,>i;F. nn 
?R c1,17 no 

!) , IJU~ .UU 

l _inA0.00 
? 17Q nn 

467.00 

UNIT PRICE AMOU•IT 

. )I;? 1111. (\fl 

7:7AA.llll 
? ni,7 on 

oq on 
i:; i;.71 nn 
4:HHl ,Ill 
1 ,101 nn 
F. nnt:. on 
o 011 nn 
£303. 00 

6;~U 
11. 11n on 
4,389 00 
l llll1 nn 

38.306.00 
1.620.00 

14 am; no 
11 77? on 

7. I u~. 00 
l. 262. 00 
:>.269.0C 

6b7 .U( 

14 I 3, HH!.l • UC 
C. 
w 
co 
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PROJECT ALTERNATIVES.COST COMPARISON SHEET 
TABLE 2 .200 

A B C D=A+B+C E F G H=E+F+G l=D+H 

Capital for Capital for 
I 

Capital for Total Capital Lifetime (20yr) Lifetime l20yrl lrifetime (20yr) Total Lifetime Total Costs 

Amount of Reclamation Treatment Water Disposal Investment Operating Costs Operating Costs (j)perating Costs (20yr) Operating In 1984 Dollars 

PROJECT ALTERNATIVE 
Water Wellfield Plant System Reel. Wellfield Treatment Syst. Water Disposal Costs in 1984 

In 1984 Dollars In 1984 Dollars l:n 1984 Dollars Dollars 

NO ACTION 0 0 0 0 0 0 0 I 0 0 0 
11 

' 

CONTAINMENT BY IMPERV. BARR. 0 0 0 0 ? 0 0 0 ? ? 

WITHDRAWAL WITHOUT TREATMENT ---- --- --- --- ---- --- ---- :1---- ---- ----
I . 

I 

DISCH. TO PUBLIC SEWER SYSTEM 2000 GPM 1,654,461 0 4,321,269 5,975,730 2,660,000 0 16,022,020 18,682,020 24,657,750 

' 

!, .. . 

REINJECTION OF UNTREATED WATER 2000 GPM 1,654,461 0 ? ? 2,660,000 0 ? ? ? 

SOLAR EVAPORATION 2000 GPM 1,654,461 0 ? ? 2,660,000 0 ? ? ? 

DISPOSAL AT A PERMITTED 2000 GPM 1,654,461 0 ? ? 2,660,000 0 ? ? ? 

HAZARDOUS WASTE TREATMENT FAC. 

WITHDRAWAL WITH TREATMENT --- ---- . --- --- ---- --- ---- t--- --- ----

DISCH. TO PUBLIC SEWER SYSTEM 2000 GPM 1,654,461 10,635,579 4,321,269 16,611,309 2,660,000 6,860,000 1:6,022,020 
! 

25,542,020 42,153,329 

AFP 44 INDUSTRIAL USE 310 GPM 130,465 i 306,350 

IND. USE BY ASARCO COPPER MINE 2000 GPM 1~654,461 10,635,579 5,682,414 17,972,454 2,660,000 6,860,000 1~,983,020 25,503,020 43,475,474 

IRRIGATION BY FARMERS INVEST. CO. 2000 GPM 1,654,461 10,635,579 11,428,925 23,718,965 
: 

2,660,000 6,860,000 45,886,660 55,406,660 79,125,625 

·' 

IRRIGATION BY PAPAGO INDIANS 1,654,461 10,635,579 2,820,247 15,110,287 2,660,000 6,860,000 8,995,300 
\ 

18,515,300 33,625,587 

IRRIGATrON BY GOLF COURSES 3,702,765 5,028,280 
.\ . 

RECREATIONAL WATER USE AT PARK 1,654,461 10,635,579 4,693,596 16,983,636 2,660,000 6,860,000 10,816,900 
I 

2Q,336,900 37,320,536 

RECHARGE TO SANTA CRUZ RIVER 1,654,461 10,635,579 2,122,383 14,412,423 2,660,000 6,860,000 5,755,340 15,275,340 29,687,763 
I 

·' 

DOMESTIC USE BY DAVIS-MONTHAN 1 550 GPM 3,944,763 7,542,500 
·' 

DOMESTIC USE BY CITY OF TUCSON 10,635,579 697,982 6,860,000 
I 

1,654,461 12,988,022 2,660,000 2,202,940 11,722,940 24,710,942 
I 

I 
'I 

RECHARGE THRU PERCOLATION 2000 GPM 1,654,461 10,635,579 3,606,795 15,896,835 2,660,000 6,860,000 5.,902,901 15,422,901 31,319,736 
I 

RECHARGE THAU RECHARGE WELLS 4200GPM 2,205,948 15,193,684 2,600,368 20,000,000 1,710,000* 3,912,372* 1h21 a2s* ,, , 6,750,000* 26,750,000 

,. *LIFETIME FIGL)RED TO BE 10 YEARS .~· 
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5000 IP■ 
FiOI 

5 caa• 
ADSDIPTIOI 

SYSTEI 

f 

PACIED 
_ TOWEi 

(3) 

12 1 DU. 
II' PACI. HT. 
25' MEIGHT 

.. THDHIIL 
IELLS 

/ 

(J 
© ILOIEI 

(3) 
10,1~0 CFI 

CD 

IEDIA ACID 
IASH CIRCULATION 
SYSTEI 

. f 

CHLORINE--... 
PACKED 
TOWER 

(3) 

12' DU. 
18 1 PACI.HT. 
25 1 HEIGHT 

© 

BLOWER" 
(3) 

10,100 CFI 

CD 

1200 !:!.. 
DAY 

900 LB 
rn 

IYPASS 

POLYIIEi 

30 LB 
m 

@ INTERIEDIATE 
SUIP 

25,000 111. 

CHEii CAL p-11 TRANSFER 
REACTION ADJUST llll 

TANK THI 

·t~· 

PUMP 
(3) 

25,000 ,., 25.000 111 25.000 111. 

2500 11111 
IEDU IASH 

HOLDING TANI 
5000 111. 

PUIP 
(2) 

2500 IJJII 

SPENT IASHIATER 
TO EIISTIH . 

TREA TIIENT PUNT 

CI) Corresponain1 nuaD■ rs on fi1ur1 13 

... 

PUIP 
(0 

250~ IPII 

IN LINE 
ltlER 

--- -~ 

BAClWASH _ •a1R 
IATER 

---------- -

ACID Clz 

CARTRIDGE 
FILTER@,..._ 

(2) 
c• DIA. 1 5' LG 

© 
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.,,_ _____ _. TO RECHARGE 
IELLS ..---...-1~ 5000 IPIII '© 

-~ _I _ _____.I 
BACIIUH 
200. 000 111; Glf 

® 
[j] 
do CD 

BACKWASH . PUIP 
COLLECTION POLYIEI 

TUK· 
250,000 111 to LI/DAY _ 

CLURIELL 
150,000 111. 

PUIP PUMP 
(2) (2) 

2900 iJIIII 2100 llJIII 139 gp■ 

CLARIFIER 
(2) 

25' DU. 

PUIP 
© 

10 IPl!I 

@ 
_SLUDGE 
STORAGE 

.co. 000 &a 

PUIP 
50 IP■ 

RECESSED 
PLATE 

FILTER 
<ii 

50 Ft 

~ 
OUIPSlU 

HUSHES AIRCRAFT COIPANT 
TREATMENT Of RECLAIMED WATER 
PROCESS FLOI SCHEMATIC 

5000 GPM 
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